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MEETING
(8:15a.m.)

DR. McDERMOTT: Good morning, everyone. If you would
please take your seats, we can try to begin on time today. And that always is
a good way to try to keep on schedule, is to start off well.

So welcome to the 2014 Scientific Meeting of the National
Antimicrobial Resistance Monitoring System. We are happy you are all here.
We think this is an important meeting for a number of reasons, and we are
interested in getting feedback from those of you who are in attendance on
how the program is developing and evolving.

But before we get into the meat of the agenda, we have a few
opening remarks from a couple of persons from the FDA who are deeply
interested in NARMS and its contributions to FDA's processes and regulatory
mission.

And it's my pleasure to begin the meeting first by introducing
Dr. Stephen Ostroff to make some opening remarks. Dr. Ostroff joined the
FDA in 2013 as Chief Medical Officer in the Center for Food Safety and
Applied Nutrition, and Senior Public Health Advisor to the Office of Foods and
Vet Med. He came to us from the CDC, where he was Deputy Director of the
National Center for Infectious Diseases and also Acting Director of CDC's
Select Agent Program. Now as FDA's Chief Scientist, he's responsible for
leading and coordinating FDA's crosscutting scientific and public health
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efforts.

Welcome, Dr. Ostroff, and thank you for joining us.

DR. OSTROFF: Pat, it's really -- thank you for those kind words,
and it's really definitely a pleasure to be here.

And let me say good morning to everybody, and welcome to
our White Oak Campus. It's nice to see that so many of you found your way
here. It's not the easiest place in the world to get to.

And also let me extend greetings from our Commissioner,

Dr. Margaret Hamburg, who can't be here today. And | usually say
unfortunately can't be here today, but in her particular case she's actually on
vacation in Southeast Asia, a much needed vacation, although part of itis a
working vacation. And so she certainly couldn't be here.

I'd also really like to thank the folks at CVM, including Pat and
Dr. Dunham, for the opportunity to allow me to give the opening remarks.

Even before they asked me, | actually was planning to attend to
the meeting because, as Pat mentioned, | was the Chief Medical Officer when
| started at FDA about a year ago and | made that decision after all my years
at CDC and also working for a while at the Pennsylvania Department of
Health, because when | first started at CDC most of my work was in
foodborne diseases, including with a number of people here in the room.
And so | thought that this was a really terrific opportunity to sort of bookend

my public health career. But then after a few months in that position, the
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Chief Scientist, Dr. Jesse Goodman, decided it was time to leave for an
academic position, and | ended up as the Acting Chief Scientist here for the
FDA, which is a good illustration of the fact that things don't always work out
as you planned.

So this meeting is really an opportunity for me to hear about a
topic that | care a lot about, and also to see a number of old friends from
both of my former careers.

You know, a few years back, | recall reading a book that was
called The Tipping Point by Malcolm Gladwell. How many of you in the room
have actually read this book? Or, at least, how many of you have heard of it?
| think the concept that he wrote about is really a good one, and it makes a
lot of sense to me. And quoting from his book, he says that the tipping point
is "that magic moment when an idea, trend, or social behavior crosses a
threshold, tips, and spreads like wildfire."

The idea is that there are lots of things, there are lots of
products, there are lots of ideas that have been out there for a while but just
for one reason or another don't get any traction. And then, suddenly, they
take off either for a short period of time or permanently. You know, maybe
it's a hairstyle or maybe it's a type of clothing or a musical group or, as some
of you remember, you know, like pet rocks or Beanie Babies or the
Kardashians or whatever it happens to be. And | have to admit, I'm not

somebody who really gets into popular culture, but even | know who the
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Kardashians are.

So | think maybe it's worth thinking about the topic of
antimicrobial resistance in that particular context, because this is an issue
that has been around for a long period of time. In fact, it's been around since
the dawn of the antibiotic era. And for those of us working in public health,
it's really been considered a very important issue for a long period of time.

And | recall when | was back at the CDC in the 1990s, we
established -- we, being HHS, established an interagency working group that
was designed to focus attention on the problem of antimicrobial resistance
and make recommendations about how to address it. And the first time that
we did this, David Bell was the CDC representative, Dennis Dixon from NIH
was the NIH representative, and Jesse Goodman was actually the FDA
representative because he had just started at FDA. So it's amazing to think
about that. They issued a report, and it had great stuff in it. They made very
sensible recommendations, and it really had, disappointingly, little impact.

Other federal reports followed that. There were
recommendations and guidelines from professional societies. And | think,
over the years, these too have also gotten remarkably little traction or
impact.

So the problem over that time period has gotten progressively
worse. Antibiotics remain terribly overused in both the human side and in

the animal side. And the range of antibiotics and infectious diseases that
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have developed antimicrobial resistance has increased. But at least from my
perspective, over the last year we seem to have reached the tipping point.
And despite a whole array of other public health issues, the topic of
antimicrobial resistance seems to have sort of finally broken through, and it's
now having its moment in the spotlight.

| think, in part, this is because of the remarkable report that
CDC issued last fall that talked about the public health burden of
antimicrobial resistance by specific organisms and by specific resistance
patterns. And that report really got picked up by the media, by the medical
and public health communities, and a drumbeat sort of has developed around
that issue in a way that it's never happened before.

So we hear a lot of talk about possibly returning to the pre-
antibiotic era, about no longer being able to do organ transplants, to be able
to give chemotherapy, to perform joint replacements. We hear about
antibiotics possibly being responsible for obesity. Politicians and
policymakers are talking about this issue, and they want something done
about it.

It's interesting, in England, that there was a vote earlier this
year for the public to be able to select among a number of different possible
scientific projects to fund through an award known as the Longitude Prize,
and a point-of-care diagnostic for antimicrobial resistance was the topic that

won the prize of, believe it or not, $17 million, which is pretty impressive.
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And in May, a resolution was passed by the World Health Assembly, asking
WHO to develop a global action plan to be able to address antibiotic
resistance.

So this recent focus on antibiotic resistance, | think, brings
attention to NARMS in a way that it has never had before. So the work that's
being done by FDA, by USDA, and by CDC to address antimicrobial resistance
in major foodborne pathogens that are linked to food animal production, |
think, is highly pertinent, is more visible than ever, and the data it produces is
certainly more needed than ever.

So | hope that the new visibility of NARMS leads to new
opportunities and new resources. There could be opportunities to strengthen
the system, to expand the number of sites, to think about new components of
the system, new projects, enhanced collaborations including international
partners, and to think of new ways to analyze the data. Of course, these
opportunities depend on consensus and additional resources, and everybody
recognizes that it's a very difficult funding environment.

So, as you know, FDA over the past year has taken major steps
to address non-therapeutic antibiotic use in food production. The approach
being taken is voluntary, but the cooperation has been excellent, and this
approach appears to be working. So all regulated producers of veterinary
antibiotics have agreed to remove growth promotion as an indication on their
label.
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So we need NARMS more than ever to help determine whether
or not this policy is working and to measure its ultimate impact in potentially
declines in antibiotic resistance as we move forward. So NARMS is pivotally
placed for this, and hopefully there can be discussions about how NARMS,
over the course of this meeting, can contribute and possibly address some of
the many questions we have about the impact of this policy.

So, once again, let me thank you for attending the meeting. |
hope you find the information interesting and stimulating and that you think
creatively and contribute to the discussions.

So, from my perspective, now that antimicrobial resistance has
reached this critical tipping point, let's hope the interest is sustained because
the solutions to this problem will certainly take time. They can't happen
overnight, and we need to be in it for the long haul. Tipping points usually
don't happen more than once, so we really need to seize the opportunity
that's now presenting itself.

And so | really look forward to hearing some of the discussions
over the next couple of days, and welcome you again and thank you for
attending.

(Applause.)

DR. McDERMOTT: Thank you very much, Dr. Ostroff, for that
point of view and that perspective. And | think everyone agrees that there is

a real opportunity for NARMS to be more consequential in helping address
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these important public health issues. Thank you for those comments.

I'm also happy to welcome today, this morning,
Dr. Bernadette Dunham to share her perspective with us at the start of the
meeting. | think all of you know Dr. Dunham. A few words. She came to FDA
in 2002, and she came to us from the American Veterinary Medical
Association, where she had been participating in government relations
divisions from 1995 to 2002, and she helped in the formation and execution
of AVMA initiatives, with an emphasis on federal legislation and regulatory
issues. She served many roles, as Dr. Ostroff did. Dr. Dunham has served in
many roles and leadership at FDA/CVM and was appointed Director in 2008.
As you know, CVM regulates drugs and food animal additives and is the place
at FDA where NARMS is located.

So welcome, Dr. Dunham.

(Applause.)

DR. DUNHAM: Thank you, Pat.

And good morning. | am so thrilled to see the place is filling up.
I'm glad you're here. It's a very important topic, and we're thrilled to have
your input. And | hope you will respond today with questions and also
respond to the docket and let us know your thoughts. It's really important
that we hear from you.

| am very, very pleased to see how well NARMS has become

absolutely a start-of-the-art, creme-de-la-créme surveillance and monitoring
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program. They have really established what it takes to collaborate with
USDA, CDC, and FDA. And that's what it takes, collaboration. And now
moving forward with science and the state of the art of science continuing to
advance, we're bringing the best methodology forward to help us improve
the surveillance that we do and to be able to really see what is happening
with these microbes. And of course it's international. As we all know,
microbes travel, and they're bringing forward potential plasmids that contain
resistant moieties that we never thought we would see.

And so, moreover, this particular surveillance program really
becomes something we all need to turn to, and hopefully encourage other
countries to follow through, so we can really have the best information at
hand.

The primary objectives of NARMS, as you well know, are to
monitor just that, the trends in antimicrobial resistance among the foodborne
bacteria from humans, retail meats, and animals. They also do a fantastic job
in disseminating timely information about the antimicrobial resistance so we
can promote interventions that hopefully can reduce the resistance among
foodborne bacteria. And they also conduct some incredible research that
really helps us understand the emergence, the persistence, and the spread of
antimicrobial resistance. And, moreover, they really assist us at the FDA in
our decisions as we continue to approve safe and effective antimicrobials that

we need to keep our animals healthy. At the same time, on the medical side
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with our humans, we make sure that we have the appropriate drugs there.
We all are together in this. And bacteria do not decide to pick one over the
other. So it becomes very challenging.

But I'm thrilled with the program. I'm not going to take any
more time, other than thanking you for coming. | want to say a special note
of thanks in advance to Pat McDermott, Heather Tate, Laura Bradbard, and
Robin Wilson for helping to really organize this meeting today and pulling
everything together. They've done such a great job. But | do want to thank
and extend big kudos to the agencies that are really here today that made
this possible.

And | hope you enjoy yourself. | think you're going to be
impressed with the presentations as usual. And please, please speak up and
share your comments with us.

Thank you, Pat.

(Applause.)

DR. McDERMOTT: Thank you very much, Dr. Dunham.

Okay. So everyone probably has a copy of the agenda, and |
thought it might be worthwhile to begin today's meeting with a few --
hopefully some context on what we hope to achieve and where we hope to
go in the future. And it's good to look back to get perspective for looking
forward, and | wanted to go quickly over some context that shows how we've

come to be here today and what we intend to achieve at this meeting.
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This slide just shows a few of the more recent NARMS
meetings. The last public meeting was in 2011 in St. Louis, and the year
before that we had met in Atlanta, where we first presented our draft five-
year strategic plan for NARMS. And that meeting was focused, more than any
other, on the international aspects of surveillance. And so we had
representatives from around the world who shared their experiences on
conducting integrated surveillance along the lines of NARMS.

We had the public meeting in St. Louis. It was really a
watershed meeting, | think, because it focused on what we've identified as
the number one priority in the program, which is to revise sampling,
particularly in the animal sampling scheme of NARMS, but also to look at the
retail meat sampling and any inadequacies there.

Since then, we've had internal meetings. We met in 2012 with
the retail meat sites, the 12 -- the then 14 states that were about to become
part of the program -- to look at roles and responsibilities and how we might
do things better, in a more efficient way, not only to address the resistance
surveillance priorities but other food safety priorities as well.

And now we met just eight months ago or so in Atlanta to really
sort of prepare for this meeting, but also to really try to address, in a formal
way, improved reporting processes for NARMS data. It's a complex dataset
that is difficult to present to a broad audience in a clear manner, and we've

recognized that for years, and we continue to try to find better ways to make
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the data clear so people understand fully what we think the hazards are that
are top priority.

And then we also discussed the potential impact of whole
genome sequencing. And we're going to hear a lot about that, | think, at
today's meeting. This is really, | think, changing the face of NARMS and the
face of infectious disease in general, including surveillance programs.

And then we also touched on drug use. And we'll hear from
Dr. Lewis and others about something we've long recognized as a missing
piece in NARMS, which is how drug use and antibiotic resistance are related.

There was also a meeting at CDC's Board of Scientific
Counselors just in May of this year, under the auspices of the Food Safety
Modernization Act and FDA -- I'm sorry -- CDC's mandate in that legislation to
conduct surveillance of foodborne disease and other infectious diseases.

And so that brings us to where we are today, the public
meeting we're having today -- the next two days. The real goal is to take
stock of how we've done in the strategic plan. We rolled it out in 2012.
We're about halfway through. And what we're going to hear mostly is what
we've done to try to address the elements of that strategic plan and what we
should be focused on going forward and planning for our next one.

So the strategic plan, you may recall, was focused on four key
elements: sampling, data acquisition, analysis and reporting, collaborative

research, and international partnerships. And | wanted to go quickly through
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all of the objectives because | think you'll see that all of them, with maybe
one exception, will be touched on in the meeting.

So among sampling, which has been our top priority, the goals
were to improve the geographic representativeness of retail meat testing and
increase the total number of isolates. And we've made some progress there,
but | think we agree that we don't really have the number of isolates we'd like
to do very robust trend analysis, especially when you start digging into
serotype differences and resistance.

I'd say that the top objective has been to modify the animal
sampling design. And that's one thing that | think has probably changed the
most since we last met. And then conduct pilot studies to get animal drug
use and resistance data on farm. This was the recommendation of the
Science Board and other key stakeholders who have provided feedback on
the program in the past. So we'll touch on all of those elements.

On the data acquisition side, the goal is to make an integrated
database to make data sharing easier and reporting hopefully more timely;
also web-based programs to help get data more quickly from the states,
especially for CDC, where they have to -- they have 50 states and 3 public
health departments they're receiving data from; try to get our annual
surveillance reports out within the calendar year following isolate collection
-- well, recent data to the contrary notwithstanding, this is a still a major goal

of ours, and it's a perennial challenge. It seems that there's almost a new
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challenge each year that makes it difficult to get the data out quickly, but we
continue to pursue that. And then Objective 4 links data, across existing
disease surveillance and drug-use databases to facilitate understanding of
trends of disease and resistance. And this is really, you know, how do we
break down the walls in legacy systems where a lot of data may be available
that could help us address the priorities of this program?

On the research side, the objectives were to conduct ad hoc
studies to estimate the prevalence of resistant hazards in various food
products to better assess risk to consumers. And we've done a little of that. |
don't know that it will get mentioned in this meeting, but we can certainly
discuss it.

Evaluate and apply existing research tools and develop new
ones to enhance surveillance. And we'll hear a lot about whole genome
sequencing as being the latest wave in technology that is really going to have
a major impact, | think, on that element.

Conduct crosscutting epidemiological studies focused on
attribution of resistant infections and also looking at isolates from outbreaks.
And CDC will tell us about what they've done in that arena.

And then seeking out new partnerships to leverage resources
and take advantage of datasets that are available and are being collected,
that we haven't exploited very well in the past. And we've done a lot. |

mean, the NARMS -- the scope of NARMS' partners now is larger than ever.
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And then, lastly, the international side, our objectives were to
support WHO and other international efforts to build capacity and come up
with best practices for integrated surveillance and cooperation and data
sharing and reporting techniques. And there are several elements built into
efforts at international harmonization.

Work more closely with international partners to harmonize
testing and reporting. This is part of the Transatlantic Taskforce
recommendations that we have built right into our strategic plan. And we
have made some movement towards that type of harmonization.

And then foster international research with special regional
studies and national projects to try to get a broader understanding of
resistance in different regions of the world. And much of that has been done
through WHO Collaborating Centres and with less direct support from the
NARMS partners.

And so our agenda today hopefully -- and | think we'll touch on
all of these elements. And also we've included into it presentations from
representatives from the different agencies to provide the broader context,
within their agencies, for antibiotic resistance activities and how the NARMS
program and the expertise -- and there's quite a bit of impressive expertise
among the partners in the program -- what they can do to help contribute to,
as Bernadette pointed out, a collaborative approach to addressing this issue.

So we'll begin with three presentations from the NARMS
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partners on AMR activities in the federal government. Then I'll give a
hopefully brief overview and then we'll break for a bit. And then we'll hear
more specifically about how the data are used in the day-to-day activities of
the partners in NARMS, and some data on what's been seen in the different
sources. And then we'll break for lunch. And in the afternoon we'll look at
the data issue | noted, and we have three presentations on efforts to improve
data sharing and data analysis and warehousing and et cetera, and then the
international work after the break.

And so that's what's on the docket for today. Tomorrow we'll
go into research and look at microbiology and epidemiology studies and
looking towards the future and where we think technology and the public
health needs of the different agencies will shape the future of NARMS.

So that's a quick flyover. So it is the strategic plan that is our
referent for our progress, and we hope to come to some understanding of
what maybe needs to be done and/or what loose ends are the number one
priorities that might still need to be addressed.

A couple housekeeping issues. For breaks and lunch, there's a
small cafe outside, and you need a visitors badge to leave this area. So, if you
want to go to the cafeteria, you'll need that. | think many of you got that
today.

| need to mention that the meeting is being webcast. We will

try to accommodate online questions. Heather will be fielding them from the

Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947



24

side. We're trying to make room at the end of each presentation for a couple
of questions.

FDA is recording the meeting and will prepare a transcript and
put it on the web sometime within the next two months after the meeting.

And you may submit written comments to the docket, following
the meeting, for 30 days afterwards. So that's another avenue to provide
feedback.

As for questions, Jennifer Dooren is here in the front, from
FDA's Public Affairs Office. She's available to members of the press who
might have general questions about NARMS and the issue of antibiotic
resistance.

And then | would just ask that, in the question period, you try
to focus your questions on the content of the presentations. NARMS and
resistance is a complicated enterprise, and there are many aspects to it, and
those maybe who are specializing in research projects aren't going to really
be prepared to answer questions on policy and so on. And I'm sure you
understand that. So Dr. Flynn will be here for much of the meeting, we hope,
if there are questions on the policy side.

And then, | think, from FDA's perspective we've asked people
just to put in the disclaimer that many of these results and data from
research, et cetera, and so on are unpublished and have not been vetted and

reflect the opinions of the speakers.
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And like Bernadette, | want to acknowledge the people that
helped put this meeting together. It's a tremendous amount of work with the
small band of people responsible for it. And thanks to Heather, Robin, Sean
and Laura for helping with the meeting.

So that's the flyover of the agenda. And | think, without further
ado, we should perhaps dive in. And it's my pleasure, then, to introduce our
first speaker today, Dr. Bill Flynn. Dr. Flynn received his D.V.M. and M.S. in
veterinary preventive medicine from Ohio State University. He joined CVM in
1993 in the Division of Therapeutic Drugs for Food Animals. He's now Deputy
Director for Science Policy at FDA's Center for Vet Medicine, where he's been
since 2001. And Bill is going to talk to us about AMR activities in the federal
government from the FDA/CVM perspective.

DR. FLYNN: Great. Thanks, Pat.

And good morning, everyone. So, as Pat mentioned, | just will
cover briefly some of the highlights of some of the important things that
we're doing here at FDA, particularly focusing on the use of antibiotics in
animal agriculture. Dr. Ostroff referenced some of those in his introductory
comments.

So, one, I'll just go over a little bit of background and touch on
kind of what we refer to as our judicious use strategy, which is really focused
on the use of medically important antibiotics in animal agricultural settings,

what the goals are around that and sort of what the pieces of that puzzle are
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in terms of us moving forward, and then kind of tie things together a little bit
at the end in terms of where we're going from here.

So | think everyone fully understands in this room. Clearly, this
is a particularly complex issue to deal with. We are dealing with both
naturally occurring and acquired resistance. And, clearly, use of antibiotics in
all settings, including human and animal and other settings, are all
contributors to the overall problem. It means that we all need to be working
and coming at this from all fronts to really make sustained progress. And,
again, as Dr. Ostroff referred to, this is by no means a new issue. It's been
debated really for decades, and we've been challenged with the science
around this for many years. And the fact is there are still gaps in this science,
and we're still trying to better understand it.

Despite that, | think the fact that the uncertainties are there
doesn't mean we can't identify meaningful steps, in terms of moving forward,
based on what we do know, to make progress in mitigating risks associated
with the use of antimicrobials in all of those different settings that |
mentioned.

So, clearly, animal agricultural use of antibiotics has been a
controversial issue ever since it first began. And, again, we don't have all of
the answers. There is still -- you know, the science is not as complete as we
would all like. But we know enough and understand enough about resistance

to identify measures that make sense, in terms of a pathway forward that can
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be responsive in addressing the public health concerns associated with
resistance and at the same time make sure that we are paying attention to
the fact that we still need antibiotics, the availability of antibiotics, to deal
with animal health issues.

So, as far as looking at some of the more recent history, this
goes back many decades, and | think there are things that have been going on
in terms of how FDA has looked at and regulated the use of antibiotics in
animal agriculture, | think, really since the late 1980s. Really, any new classes
of antibiotics that have come onto the marketplace for use in animals have
been under the oversight of veterinarians and have gotten prescription status
or, for feed products, veterinarian feed directive status.

Clearly, as we're all here talking about it today, the NARMS
program came about in the mid-'90s. There was action taken in 1997 with
regard to looking at concerns about fluoroquinolone resistance. That led us
to prohibit the extra-label use of the fluoroquinolone class of drugs as well as
the glycopeptides in food-producing animals.

And then in the late '90s and into the early 2000s, we really
took a new look in terms of how FDA was reviewing or assessing animal
drugs, particularly antibiotic animal drugs that were coming into the Agency
for approval, and establish for the first time that, as part of that assessment
process, as part of the animal drug approval process, we were now explicitly

looking at resistance as one of the safety questions that needed to be

Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947



28

assessed when making decisions about approving new products.

And that led to the establishment of a guidance in 2003. And,
basically, since that time all new antibiotic -- any antibiotics that are coming
into the Agency for proposed approval for use in food animals goes through
an assessment process to assess risk associated with resistance.

And moving into mid-2000s, we also again, because of concerns
about fluoroquinolones, ultimately withdrew the use of fluoroquinolone,
enrofloxacin in poultry, again as a result of concerns about resistance and
resistance in Campylobacter in particular.

And that gets us into the more recent history of 2010, which is
really when we started down this path of our current effort of looking at the
existing antibiotics that are used in animal agriculture and looking at what
changes needed to be made to address that. And that's what I'm going to
spend a few minutes talking about.

And then again, more recently in 2012, because of concerns
about resistance, we also put in place certain limitations with regard to the
extra-label use of cephalosporins in food-producing animals.

So | think one of the things we did recognize is the guidance
that we put in place back in 2003 to effectively consider resistance as part of
the animal drug approval process has been a very effective process. But |
think one of the gaps that really was identified with that is it provided a

framework for evaluating new products that were coming in for approval.
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But it wasn't explicitly designed for the purpose of going back and re-looking
at or looking at the older products that had been approved prior to that
assessment process. And that's really the focus of our attention right now, is
looking back at those older products that have been on the market for many
years prior to that assessment process and looking at are those products
really aligned with what our current thinking is in terms of judicious use. And
that's really the focus of what we started -- the path we started down in 2010
and identifying what steps needed to be taken to address those concerns.

So, back in 2010, we initiated this process by publishing, first as
a draft, a guidance where we basically laid out sort of a policy direction we
wanted to go in to address that issue, really focusing on those antibiotics or
classes of antibiotics that are medically important, meaning they have
important uses in human medicine, and therefore there is that connection or
concern that use in the animal setting or veterinary setting may be
contributing to resistance that essentially spills over into the public health
arena.

And so the two key things that we identified as part of that
guidance that we issued was really two very important changes, and that's,
one, for these medically important products, to basically limit their use to
only those uses in animals that are really necessary for addressing the health
of the animal. And that's another way of basically saying we need to

eliminate the use for growth promotion or production-type purposes that are
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uses that are really not tied to any specific health issue or disease that that
animal has. And then, secondly, is to bring all the remaining therapeutic uses
of those products under the oversight of veterinarians, because essentially all
of those products -- and a majority of these products we're talking about are
antibiotics that are used in feed -- are currently available as over-the-counter
and have been since they were originally approved decades ago.

So those are two very important changes that really represent
some very significant changes to how these antibiotics have been used for
decades.

So really the goal of this is to really move forward in a
productive way to both address the public health concern but preserve the
needed uses of these products for addressing animal health needs. And |
think that balance is in terms of moving forward in an effective way to kind of
address both sides of this, obviously recognizing the priorities as far as
protecting public health.

So just sort of looking at the overall picture in terms of us
moving forward with this initiative, clearly, we have identified those two key
changes. We've got efforts under way to effectively implement those
changes in the targeted time frame we've identified. And I'll talk briefly
about that, but that's clearly one important element. It's important that we
keep everyone apprised in terms of how that progress is going. Again, it was

mentioned earlier, we're very encouraged by the cooperation that we've

Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947



31

gotten so far and feel that we're really on track to get those changes made.

A very important element too, then, is -- you know, as we go
forward and complete these changes and as we go forward into the future for
other efforts that we make in terms of helping -- you know, measures to
mitigate risk -- it's really important that we have the necessary tools, metrics,
and measures in place, data that we can assess how we're doing over time.
And so that's really another important element of this, is looking at the data
sources we have, whether it's NARMS or other data, whether there's
additional data that we need, and work very deliberately to make sure we get
that data in place, those data systems in place so we have an effective way of
measuring how we're doing over time.

And then, fourth, | think this is not all happening in a vacuum. |
think these are two very important changes, but it's not the be-all-end-all. |
think this is going to be an ongoing effort in terms of reinforcing the basic
concept of stewardship of these antibiotics. And it's going to be an ongoing
effort beyond even implementing these two changes. And | think those are
things we need to continue to work on as we move forward with this.

So, again, we really outlined the basic implementation strategy
for this in December of 2013 in a second guidance document. And really that
document, which provided more specificity about what specific drugs we're
talking about and what we mean when we say medically important, that

basically encompasses seven classes of drugs, and there's a total of about
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280-some approved applications that are affected by this. We've also
outlined a very specific process, you know, of outlining for the
pharmaceutical industry how to move forward with effectively updating their
products to align with those changes; also the possibility, as part of this
process, that new indications may -- or new uses for these products could
potentially be added to these products. But, of course, it's provided that
those new uses are shown to be both effective and safe, including safe with
regard to the resistance issue.

And the other key point was that we outlined the timeline,
which is a three-year timeline for getting all of these changes made. And so
the target -- and the clock started back in December. And so our target is
December of 2016 to effectively get changes made to all of those products,
including -- so that includes removing growth promotion uses from those
products and bringing them under the oversight of veterinarians.

As | mentioned, there are about 283 approved applications
affected that encompass about seven classes of drugs. Those are held by 26
different drug sponsors or drug companies. And the good news is we've
heard from all 26 of them that have provided commitments to us that they
are going to work through this process to align all of their products with those
recommendations. And so | think where we are right now, | think we're very
confident that we're on track to hit that target.

A key element of this as we go forward -- and there's a lot to be
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done, and certainly we're not over the top yet. There's a lot of work ahead of
us, not the least of which is one -- a major change is bringing these products
under veterinarian oversight. That is in and of itself a big deal. Most of the
products that we're talking about here are feed products. So, technically,
they are not called prescriptions, they're called Veterinary Feed Directives.
It's, in effect, a similar concept, in that those products require the
authorization of a veterinarian for their use. And in order to facilitate that
transition, which is a large number of products, there are some updates we
are in the process of making to the veterinarian feed directive regulation that
basically regulates that process and lays out the kinds of information that
needs to be part of those orders that are issued by veterinarians.

And that's ongoing work now. We've gotten a lot of comments
on that issue. There are a number of complex issues to work out there, and
we're working through those in collaboration with all the stakeholders that
have provided comment. And, again, that's a pivotal piece of this, and our
intent is to get that process completed within that three-year time frame in
order to set the stage to make sure that we can move forward effectively and
get all of these products changed according to the guidance.

Clearly, an important part of this as we go forward, we
obviously have laid out a three-year time frame. Understandably, there is
some level of impatience about getting these changes done the sooner the

better. And we understand that. But there is a lot of change to occur here,
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and we're trying to do it in an effective, efficient, and orderly way. But we
want to make sure that we're communicating to everyone that we are
actually making progress towards hitting our goal. And so that's one thing we
are paying attention to, is providing as much information as we can about
progress. And, basically, we have provided some information already up on
our website, a list of all of the affected products are up there. Our intent as
we go forward is to keep an accounting of the progress that we're making in
terms of ticking through that list of products to make sure that we are
showing the progress we're making towards getting all of these products
aligned, and minimally provide six-month updates that provide an indication
of what progress has been made to date and where we are currently and
what work is pending at that time.

And again our goal is, by the time we hit our three-year time
frame, that we can -- you know, our goal would be that 100% of the affected
products have been effectively changed. And clearly, you know, that's our
goal, and we're optimistic that we're going to hit that. But, of course, that's
going to be a key evaluation point in terms of whether we hit that 100%.

Because that's not the end of it -- | mean, clearly making those
changes is one thing. It's another thing to understand what impact is that
having. And that's clearly a very important element of this. Ultimately, our
goal is to have -- is that these changes can have a positive effect in terms of

mitigating resistance. And that's really the primary goal.
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So | think that is another element that we're putting a lot of
resources towards, in terms of developing enhancements to the data we're
collecting. As we're all here today talking about NARMS, NARMS is a key
element of that, as is the annual sales and distribution data that we currently
collect. But | think there's more information needed, including better
information or more enhanced information that gives us a better
understanding about what's happening at the farm level, in terms of use
practices and the effect that those changes and use practices are having on
resistance trends.

So | think this is an ongoing effort that we're looking at,
particularly that last element about looking at additional data. We expect to
be seeking additional further public comment on this issue in the upcoming
year, as a way of building that into our, sort of, portfolio of data sources so
that we have the data we need to assess impacts over time, as we move
forward with getting these changes in place.

And then, last but not least, a very key element of this, | think,
concurrent with all of this and moving forward and into the future, is the
need to sort of reinforce the principles of antibiotic stewardship. And | think
there is sort of a concurrent path that we are developing and will continue to
work on as we go forward in terms of supporting the efforts and the changes
that are being put in place.

You know, one is clearly there's a large number of products
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that are going to be brought under the oversight of veterinarians, and we're
certainly looking to the veterinary profession and are confident that the
veterinary profession will step up to the plate. But there is certainly a lot of
training and outreach that needs to go along with this to support these
changes going into effect across the board.

And | think we need to sort of reinvigorate and update what we
have available in terms of promoting judicious use and the implementation of
those principles by veterinarians and by producers. And | think that includes
making sure, as we move forward, that the existing therapeutic uses that
remain on these products are, in fact, appropriate and judicious and are
aligned with our current thinking as far as judicious use goes. So | think there
is more work to be done as we go forward.

So getting to closure here, | think we feel, as we go forward,
that the collaborative approach that we've embarked on under this guidance
process is effective and really the fastest way to get to the goal in terms of
implementing those changes. And we're very encouraged by the progress
we've made to date.

And, again, those two changes, to remove growth promotion
and to bring all the remaining uses under vet oversight, are very significant
changes to how these antibiotics have been used for decades. But there's
more work to be done. | mean, | think we have to continue to be critically

looking at making sure that the uses that we are continuing to have -- or to
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use these products for -- are as judicious as possible. And that's going to be a
continued effort as we go forward.

So, sort of summing up, in terms of the next steps as we go
forward, you know, kind of going through those four areas, clearly, we've got
to get these changes implemented to remove growth promotion and bring
them under vet oversight and get the VFD, or Veterinary Feed Directive, final
rule in place. Our target is to get that hopefully done in the spring of 2015.

Concurrent with this, we need to make sure that we are -- our
plan is to periodically provide updates to the public and maintain as much
transparency as we can in terms of the progress that we're making towards
hitting that three-year goal in December of 2016.

A critical element, which there will be more coming in terms
of -- and | think there will be some discussion on this at this meeting -- is do
we have all the data we need to assess impacts over time? Our view is that
there's -- this assessment is probably one that's going to have to basically be
a combination of multiple data sources to get the best picture of what's
happening. That includes looking at the sales data we have. It includes
tapping into the NARMS program.

But it also includes probably exploring additional opportunities
to collect additional information at the farm level, because it's really
important, | think, ultimately that we have an understanding about whether

the things we are doing, the measures we are putting in place, are in fact

Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947



38

affecting drug use practices and have an understanding of whether those
changes in drug use practices are actually translating into changes in
resistance. That's a challenging metric to get at, but | think it's certainly
worth the effort to try to do the best we can with developing those kinds of
metrics.

And then, lastly, a critical element as we go forward in
supporting the overall effort is this idea of reinforcing antibiotic stewardship
and making sure that the therapeutic uses are indeed being used as
appropriately as possible.

And | think that's all | have for this morning. Thank you.

(Applause.)

DR. McDERMOTT: Any questions for Bill?

DR. FLYNN: Go ahead, Tom.

DR. SHRYOCK: Tom Shryock, Elanco Animal Health.

Bill, one thing | would be curious to know about is the new
pipeline for antibacterial products. What kind of research opportunities
might there be through the ONADE or Office of Research, looking to take
what's already available and working with commercial opportunities to bring
in new innovation? We've got to keep things coming to the marketplace.

So I didn't see anything in the presentation, and | wondered if
you could offer a few insights as to how can the industry, in a very large

sense, be offered an opportunity to really take an opportunity to fix things
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going forward?

DR. FLYNN: Thanks, Tom. No, | think that's a great comment
and | think -- you know, | think kind of folding into the idea of the stewardship
point that | mentioned at the end, | think that does get to the fact that when
you still -- when you look across the industry in terms of how antibiotics are
being used today, where are there areas where there's needed improvement
in terms of looking for alternatives, looking for more effective measures,
better ways to use the antibiotics that we currently have, using them in more
targeted ways, or looking to other classes of drugs which maybe are of less
human significance?

| think that's a whole arena where, | think, focusing on research
is an important element. And | think that's something we're certainly open
to, to collaborate with. And it's certainly, | think, something that we want to
be reaching out to our USDA colleagues and the ARS and others to perhaps
look at where there are opportunities for collaborations for research along
that line.

So | think that's a good point that we should not lose sight of,
because | think it's important that we also look into the future to identify how
we can address the animal health needs more effectively with drugs that not
only address the animal health issues, but perhaps ones that are -- you know,
don't have the same concerns in terms of resistance development or public

health issues. So, yeah, | think that's a good point we shouldn't lose sight of.

Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947



40

DR. McDERMOTT: Any other questions? Please identify
yourself when you do ask questions, for the benefit of the transcription. So
thank you for that.

(No response.)

DR. FLYNN: Thank you.

DR. McDERMOTT: Okay, thank you, Bill.

(Applause.)

DR. McDERMOTT: Okay. Our next speaker is Dr. Steve
Solomon, who's going to present a point of view from CDC on antimicrobial
resistance activities, some of which we are all familiar with. A brief
introduction because, if | mention all of Dr. Solomon's achievements, we'll fall
right off the schedule. So I'm going to have to keep it short, Steve.

He currently serves as Director of the Office of Antimicrobial
Resistance in the Division of Healthcare Quality Promotion at the National
Center for Emerging and Zoonotic Infectious Diseases at CDC. Dr. Solomon
has held several senior science positions there, conducting and directing
collaborative research and demonstration programs. He's currently Co-Chair
of the Federal Interagency Task Force on Antimicrobial Resistance.

Welcome, Steve.

DR. SOLOMON: Thank you, Pat. And thanks very much for
letting me be here today and talk to you a little bit about CDC's perspective

on antimicrobial resistance. I'm going to reinforce a number of the points
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that you've heard from the first few speakers, and we'll talk about why that
is.

You heard Dr. Ostroff mention the CDC report that we put out
last September. These are numbers from that report: over two million
illnesses a year and 23,000 deaths a year from antibiotic-resistant infections.
And this, as we said in the report, is the floor. This is the minimal number
that occurs. And the reason we put out the minimal number is because that's
the number that we're certain of. We know the number is higher than that,
and we are actively improving all of our surveillance systems, including
NARMS, which is a very critical part of the surveillance infrastructure for
antibiotic resistance in the United States. All of those systems are being
improved to allow us to get a better picture of what the number is above this
minimum. But this is bad enough.

So let's talk a little bit about three things. How did we get
here? How did we get to this tipping point that Steve Ostroff talked about?
What are our priorities moving forward? And what exactly is it that we need
to do right now?

| think of this is a One Health slide. On the right-hand side you
can see the cycle of antibiotic resistance in people, how it emerges and how
people spread antibiotic resistance. On the left-hand side you see the
emergence and the spread within animals and the environment.

And the One Health concept, which | think you'll hear a lot

Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947



42

more about over the next two days, is absolutely critical in our understanding
of this extraordinarily complex issue. As Bill Flynn said, it's very complex,
multifactorial, and | think it is the single-most complex problem in all of public
health and medicine. Like many complex problems, however, the solutions
are easy to describe, but they are very, very hard to implement. And that's
one of the reasons that we're where we are today.

The other point on this slide is that antibiotics, as Bill said, are
the driving force behind antibiotic resistance. And wherever antibiotics are
used, it encourages and promotes the development of resistance. Anywhere
an antibiotic is used, whether it's in people, animals, or, in fact, in agriculture
to treat plants and as a pesticide, it encourages the development of
resistance.

So we're not going to stop using antibiotics. We're not going to
stop using antibiotics to treat people, we're not going to stop using
antibiotics to treat animals. But, again, as Steve Ostroff and as Bill Flynn said,
the concept of stewardship has to become paramount.

Products and people are spreading antibiotic resistance around
the world. And where we are today, 70 years, as Steve Ostroff said, 70 years
after antibiotic resistance was first discussed and first written about as a
threat -- virtually within months of the first use of the first antibiotic,
penicillin, in the first patient, which occurred in England in 1941. Why are we

where we are today? Things are moving much more quickly.
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And if you look at this map of air traffic patterns and you look
at this map of the recent spread of carbapenem-resistant Enterobacteriaceae,
one of CDC's urgent threats, which we'll talk about in a minute -- and in
particular, the NDM strain of CRE, the particularly especially resistant strain
of CRE -- you see that those arrows -- and there are similar maps for other
antibiotic-resistant bacteria -- you see that those arrows really do match up
with some of the air traffic patterns. This is a global problem that spreads
around the world with remarkable speed.

The other point again, as Bill and Steve Ostroff said, is the
antibiotic pipeline has dried up. There, in fact, have been no new classes of
antibiotics introduced for use in humans since 1987. And as you see on this
slide, the number of new antibiotics coming to market in each five-year
period has dwindled significantly since the so-called golden age of antibiotic
development in the 1970s and 1980s.

So that's a capsule summary of how we got here. What do we
do about this extraordinarily complex problem? What do we do? Well, we
have to have some priorities. Because of the breadth and the scope of this
problem, we have to prioritize.

And what CDC did in the report that we released in September
was to identify 18 microorganisms -- 17 bacteria and Candida, one fungus --
identified those as critical public health issues. Three of them, one of which

is the CRE, which | mentioned already, we put in an urgent category; 12 more
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in a serious category, which does not suggest by any means that these are not
critical public health problems; and three are concerning, that are not huge
problems right now, but each one of those three concerning bacteria holds
the threat of an imminent public health crisis if it develops the type of
resistance that it could develop, as we have seen with the other 15.

I'll talk about CRE for just one or two more minutes. The
spread of CRE, which the first bacteria, the first CRE, the first single isolated
strain, occurred in the year 2000 in North Carolina. The first one in the world.
Since 2000 that has spread, as you saw on the previous slide, around the
world, and it spread inexorably around the United States over the last 14
years. Until today, only Idaho and Alaska have not reported a case of CRE.
That inexorable progression that could not be stopped, that is what is
bringing us to this tipping point.

A second one of our urgent priorities is Clostridium difficile.
Clostridium difficile itself is not resistant. It's included in the report because
the spread -- the emergence of C. difficile is so similar to that of antibiotic-
resistant bacteria, because it is driven by the use of antibiotics. And focusing
on C. diff, which as you see from this slide, increased dramatically during the
decade of the 2000s, and in fact saw the emergence of a hypervirulent strain
that is particularly lethal -- the growth is related to antibiotics and reminds us
that antibiotics are not simple drugs that are like something that we don't

focus on.
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In our culture, one of our problems is that we don't view
antibiotics in the same way that we view other medication. No one would
walk into a doctor's office and say, doc, | don't think | have blood pressure,
but give me a very powerful blood pressure medication just in case. No one
would say, give me a drug for cardiac arrhythmia. | don't have that now, but |
might get it. Give me that drug. But it is common for people to walk into a
doctor's office and say, | know | have a viral infection. | know the antibiotics
aren't going to work for that, but give me one anyway, just in case it's
something else. And all too often doctors write those prescriptions.

We treat antibiotics in a way that we don't treat any other
medication. And antibiotics do have side effects; they do lead to adverse
consequences, one of which is C. difficile. And one of the things that we need
to be doing, as we'll talk about in a few minutes, is to change the way that we
think about antibiotics.

One of our serious threats is MRSA, an important problem to
keep in mind because one of the patterns that we see is for antibiotic
resistance which develops first in the hospital then spreads into the
community.

On this slide you see, in yellow, the spread of hospital-acquired
Staph aureus, resistant first to penicillin in the 1940s and '50s -- more
recently the growth of MRSA -- and you see it started in the hospitals, in

yellow, and then the blue lines show the growth in the community and the
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rapid spread in the community and the spread from the hospital environment
and the healthcare environment into the community, which is something that
has now been repeated for another of our serious threats, the so-called
ESBLs, the extended-spectrum beta-lactamase bacteria, and which we are
very worried about happening with the CRE, which is one of the reasons that
it's classified as an urgent threat.

You're going to hear a lot of conversation in the next two days
about Salmonella and Campylobacter and other enteric bacteria. But | do
want to mention here how serious the growth of antibiotic resistance in those
microorganisms and other enteric and foodborne diseases are. And that is
why they are part of our critical list of urgent and serious pathogens that
need attention and need us to focus our efforts on to track and prevent
spread.

So what do we need to do? What are the next steps? Well, as |
said, this is an immensely complex problem, and the solutions can be
described as one, two, three, four. They will be easy to describe, but they
are, as we have seen and as we will continue to see, very, very hard to
implement.

We need to prevent infections and prevent the spread of
antibiotic resistance. That's clear. We need better infection control in
healthcare institutions. We need to use vaccines, when they're available, to

prevent spread. We need to make sure that this movement of products and
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people and the spread of antibiotic-resistant bacteria is controlled and
reduced.

We're never going to stop antibiotic resistance. We're not
going to eradicate antibiotic resistance. It's part of the evolutionary pattern
of bacteria. But we can slow it down. We can significantly inhibit the spread
of antibiotic resistance. And that's critically important because one of the
things that has to happen is for us to have more time to develop new
antibiotics, which, as we talked about, the pipeline is drying up, too few
antibiotics are coming to market, and right now the antibiotic-resistant
bacteria are growing more quickly than we can develop antibiotics.

The second solution is tracking, surveillance systems. Again,
we're going to be talking about NARMS for the next two days. NARMS is one
of the most important surveillance systems that we have and that we use at
CDC and within the federal government to track antibiotic-resistant bacteria.
Every one of those surveillance systems, as | said, is right now being
significantly improved and enhanced so that we can track these infections
better.

The third, again, as you heard already this morning, is antibiotic
stewardship in human medicine and in veterinary medicine. We have to be
much better stewards of this dwindling precious resource. And we'll talk in a
minute about the very aggressive steps that need to be taken in human

medicine to address this problem.
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And the fourth, again, as we've already talked about just in an
hour and a half of this meeting, is the need to develop new drugs and to
incentivize the development of new antibiotics.

Four things easy to say. | think that probably took me 90 or
120 seconds, but it's very, very, very difficult to implement these steps.

On the other hand, it works. This is a slide that shows the
change in the national incidence of invasive MRSA infections in the United
States. And you can see that in every category, both in healthcare settings
and in the community, the incidence of MRSA infections in the last 5 to 10
years has been going down.

Remember the slide | showed you with the yellow and blue
lines, where it was going up, up until the early years of the 2000s? Well, now
it's starting to come down, and it's starting to come down because there was
a national and international focus on MRSA. If there's one antibiotic-resistant
bacteria that most people are familiar with, it's M-R-S-A, or MRSA. You've
heard it on the news. You actually see it as a plot point in some dramas.
People are familiar with MRSA. It was a source of tremendous focus. And
when we focused our resources on that, when we focused our energy and
attention on MRSA, when we devoted a particularly aggressive amount of
attention on surveillance and intervention on MRSA, we've succeeded in
bringing it down. Now, that's obviously still too high. There's still far too

many illnesses and deaths due to MRSA. But focusing on preventing
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infections and preventing spread can work.

In the Netherlands they use a system called search and destroy
to identify every case of MRSA, and they have an extraordinarily low rate.
But in addition to MRSA, it can, in certain settings, work even for CRE in
Israel. Starting in 2005 and 2006, CRE was introduced into that country and
spread very, very quickly. Two years later, they introduced a national system
focusing on CRE that began and has succeeded in reducing the incidence of
those infections. This particular graph ends in 2008, but a subsequent paper
recently published earlier this year shows that continuing the efforts that
they initiated has continued to drop that rate. So a laser-like focus on
preventing infections and preventing spread can work.

I'm not going to talk too much more about tracking. We're
going to talk about surveillance and NARMS. But | want to move on to the
third, in the interest of time, issue about antibiotic use and antibiotic
prescribing.

This is a map from our CDC colleague Dr. Lauri Hicks and her
colleagues, analyzing outpatient antibiotic prescriptions in the United States.
And what you see on this map is that in some parts of the United States, such
as on the West Coast, antibiotics are prescribed around 500 prescriptions per
1,000 persons per year. In other parts of the United States, in the area
perhaps of the Mississippi delta, you see that antibiotics are prescribed as

much as over 1,200 prescriptions per 1,000 people per year.
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Now, Dr. Hicks is doing a lot more work on this data, and she's
digging into the research on who's doing the prescribing and who's receiving
the prescriptions. But it is our hypothesis that the people in the Mississippi
delta do not need antibiotics at a rate two and a half times that of people on
the West Coast. That means that there are variations in prescribing that are
not due to the underlying need that the patients have for those antibiotics.
That's what we need to be studying and we need to be intervening to make
sure that we are reducing the amount of antibiotics used in human medicine.
Just as Bill talked about veterinary medicine and the feed directive, human
medicine has got to be a focus of improving antibiotic policies.

Similarly, in the inpatient environment, very early studies
suggest that there may be similar patterns for inpatient prescribing. And we
do know that in some hospitals, antibiotics for comparable sets of patients
are prescribed three times as often as in other hospitals. Again, that kind of
variability that does not appear to be related to the underlying diseases of
the patients who are being treated is an area for tremendous study and
intervention to change those prescribing patterns. And the way we do that is
through antibiotic stewardship programs.

And CDC has recently called for every hospital in the United
States to implement an antibiotic stewardship program that adheres to
specific core elements. And we initiated a program to facilitate the

development of those programs and the implementation of those programs.
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But, again, as you've heard again and again this morning, that's not going to
happen overnight, and it's going to require effort and again, a tremendous
focus and attention on this problem.

These are some of the materials that we use to educate both
consumers and doctors about antibiotics and, again, to change this
perception that antibiotics are different in some way than other
pharmaceutical drugs. These are pharmaceutical drugs that have side effects.
They cause allergic reactions, they interfere with other drugs that patients
may be taking, and they have adverse consequences such as C. difficile
infections. We have to be educating both consumers and doctors to
understand that these drugs need to be treated like any other drug,
prescribed only when necessary and used in the most judicious form, in the
most judicious way possible.

So we have identified five specific gaps in knowledge of
antibiotic resistance. We need to improve our surveillance systems. We
need to improve international surveillance and have early warning when
problems develop somewhere else in the world or develop here, as happened
with CRE, because where antibiotic resistance is concerned, if it's there today,
it's here tomorrow. We need better data on antibiotic use wherever
antibiotics are used. We need to gear up better programs for improving
antibiotic prescribing, as we've talked about. And we need to have better

technology for diagnosing infections and diagnosing when antibiotics are
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needed to help guide prescribers in knowing when to use certain antibiotics.

This slide is obviously very busy, but it continues a theme. And
I'll tell you again simply what it means. The circles, the multicolored circles,
represent healthcare facilities: hospitals, nursing homes, and long-term
care/acute care facilities. The triangles represent patients and the arrows
represent the movement of patients from one healthcare facility to another.
And as you can see, patients -- sick people move around a lot. This was done
in one area of lllinois and Indiana, and patients move around a lot. That's
why no one hospital, no one healthcare facility can solve this problem by
itself. No matter how good a hospital system is for identifying infections,
cohorting sick people, using isolation precautions, there is constantly the
threat of reintroduction from other facilities.

That's why we are recommending a regional approach to
preventing antibiotic resistance in healthcare and the community. That's
what was done in the Netherlands. That's what was done in Israel. We
believe that that kind of system can work in the United States, involving the
health department in partnership with healthcare providers.

And | won't go through this slide in great detail. All of this
information is available at our website, www.cdc.gov/drugresistance, where
this is described in great detail, in the interest of time.

But this partnership, this regional approach that involves all the

healthcare facilities and the community in prevention is what's critically
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needed along with better laboratory capacity. One of the things we'll be
talking about at this meeting are laboratory and microbiologic issues. But we
need enhanced laboratory capacity for all antimicrobial-resistant
microorganisms, and we need to make use of advanced molecular techniques
for antibiotic resistance to help diagnose them more quickly and more
accurately and make sure that that capacity is available everywhere it's
needed.

And the last thing | want to mention again is the effort that
we're making on public education. Everywhere that we can convince people
that this is a problem, when people understand what antimicrobial resistance
is, when they understand the consequences of antibiotic resistance, when
they understand that antibiotics are, in fact, powerful pharmaceutical drugs
that need to be treated as they would any other powerful pharmaceutical --
their willingness to engage in change and to help promote all of the very, very
difficult steps that need to be taken to prevent the spread of antibiotic
resistance, the more willing they are to do that.

So | appreciate your time, and thank you for letting me talk to
you about antimicrobial resistance today.

(Applause.)

DR. McDERMOTT: Any questions for Dr. Solomon? Please
identify yourself.

(Audio malfunction.)
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MS. SMITH DeWAAL: I'm Caroline Smith DeWaal, the Center
for Science in the Public Interest. Thanks so much. This was a wonderful
presentation. And | was really struck by your statement, right up front, about
the relationship between the -- very important foundation that -- | also --
reporting that last year was fantastic. However, | notice that the emphasis
continues to be on educating -- infection, and community acquired infection, |
think, also is a huge problem. And more importantly, the usage -- really
dwarfs some of the use issues -- in our report looking at outbreaks linked to --
for example -- and for medically important antimicrobials, we use practices
that are using -- medically important antibiotics in food animal production as
they are in human medicine.

Secondly, though, | was down at the International Association
for Food Protection last week and sat on the panel where the vegetable
growers and actually fruit growers were talking about the usage of very
powerful human antibiotics in fruits -- fungus. So what do you see that
actually -- I think Rob sat on the same panel. What is CDC doing about newly
educating producers, food producers, about the use --

DR. SOLOMON: We're working across the federal government.
As you see in this meeting, the issue of plants and produce, we're working
with the EPA. EPA is having a meeting in September, in Atlanta, on this
subject. So we're working closely with colleagues in all of the federal

departments and agencies.
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And, again, as Steve Ostroff said, | think all parts of the federal
government are really coming together in a remarkable way because we all
understand that we have reached this tipping point. | think the awareness of
everybody both inside and outside of the government is now focused on this
problem. And I'm actually cautiously optimistic that after all of these many
years of talking about it, that we really are going to see the kind of progress
that we're all expecting and hoping to see.

DR. SHRYOCK: Tom Shryock, Elanco Animal Health.

Steve, one of the things on your microbiology list there I'd like
some clarification on. As we think about prescribers, they usually rely on
diagnostic laboratory reports, be it veterinary or in the human clinical lab.
Many of those clinical breakpoints come from the Clinical Laboratory
Standards Institute. Many are derived originally from FDA/CDER because
that's the legal requirement for the labeled pathogens. Yet some of these
bugs may not have a specific indication, for example, Salmonella or
Campylobacter.

The question is, what can be done to really strengthen the
establishment of clinical breakpoints so that those laboratories can
appropriately direct the prescriber as to whether something is resistant,
which may not be genetic, but it may be more pharmacologic?

So there's a lot below the waterline there. When we say

something is resistant versus susceptible, it means a go/no go, basically. So |
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think there's a lot more that could be done, and I'd like your perspectives on
what role CDC might be able to play with some of the other partner
organizations.

DR. SOLOMON: Well, CDC and FDA/CDER are working with
CLSI. And, in fact, one of the things we'll talk about this afternoon as part of
the TATFAR activity, the Transatlantic Taskforce, is collaboration with EUCAST
and the European breakpoint-setting activity. So there's a real focus right
now on looking at the whole laboratory issue. There's a number of different
groups meeting to try and figure out -- both addressing the breakpoint issue
for culture diagnostics and non-culture diagnostics, where those fit into this
picture. There is a tremendous amount of work going on in that CDC is
deeply engaged in that with all of the -- both of the federal partners and
international colleagues.

DR. McDERMOTT: Thanks very much, Dr. Solomon. And thank
you for those very good questions.

We're doing a pretty good job at staying on time. So, without
further ado, I'd like to introduce our next speaker, Dr. Steven Kappes.
Dr. Kappes is Deputy Administrator for Animal Production and Protection in
the Office of National Programs at USDA/ARS. This program includes animal
production and animal health entomology and aquaculture and related
research. Dr. Kappes has served many roles at USDA, including Senior Advisor

for Animal Protection and Production in the USDA Office of the Chief
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Scientist. He's worked within USDA and with other government agencies on
issues related to animal health production and also antimicrobial resistance,
among other things.

Welcome, Steve.

DR. KAPPES: Thank you, Pat. It's my pleasure to be with you
today and talk about USDA's activities in antimicrobial resistance.

There is a number of our team -- they're in the audience, and |
may have to rely on them to answer some questions.

So, first off, | wanted to give our overview of the USDA agency
center involved with the antimicrobial resistance. The first one that I've
listed up there is the Food Safety Inspection Service. The acting
undersecretary is Brian Ronholm. And their mission obviously is dealing with
food and the packing plants, and that is a very critical part of AMR.

The four agencies within the research, education, and
economics are all involved with the antimicrobial resistance issue within
USDA. ARS is the in-house research arm, and the National Institute of Food
and Agriculture is the sister agency that provides grants for universities and
others conducting research in agriculture. The Economic Research Service
conducts research dealing with agricultural economics. The National Ag
Statistics Service conducts surveys to collect agriculture information. And
that's all relevant to AMR. And then the missionary that's involved is the

Marketing and Regulatory Program, and that's the Animal and Plant Health
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Inspection Service.

Now, USDA does not have a role in controlling antibiotics. That
is FDA's role. But we do have a role in controlling animal diseases and also
protecting human health through food safety and, to a lesser extent, zoonotic
diseases in animals.

So I'm not going to steal Steve Solomon's later presentation. |
couldn't do justice to it, Steve. But | just wanted to point out that we
basically are organizing ourselves in the same manner as the Interagency Task
Force on Antimicrobial Resistance. That's chaired by CDC, FDA, and the NIH.
We are a member of that.

And | wanted to list the different goals of the Public Health
Action Plan. That's resistance, prevention -- or the surveillance, prevention,
control, and research, and the last one being product development. USDA
has activities in the top three. We have very little in the product
development. Within each of those three I'm going to present the drug use,
antimicrobial resistance, and management and technology and education. So
I'm breaking out the different activities within surveillance, prevention, and
control and research, in that manner.

So, under surveillance, the activities that we have going on.
There are two activities, the first one being led by APHIS. It's the National
Animal Health Monitoring System. And Dave Dargatz will speak about that

later. ARS works with APHIS on that, as well as National Ag Statistics Service
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does conduct surveys that contribute to that.

So on the antimicrobial drug use, the NAHMS collects some of
that information. Also the ARMS, the Agriculture Resource Management
System, conducted by the Economic Research Service working with NASS and
APHIS, also collects information on that. But it's not specific information.
NAHMS collects the class of the antibiotics that are used and production
systems, the settings of where it's used. The Agriculture Research
Management Survey concentrates more on the financial side of it.

On the antimicrobial resistance, NAHMS once again plays a
role. APHIS and ARS work collaboratively on evaluating biological samples
that are collected for it.

And then the second item is the NARMS. FSIS and APHIS all are
involved with that and working with FDA. The FDA provides us critical
funding in conducting that research. We also work with CDC in many aspects
of that.

| wanted to highlight a specific activity that ARS has been
working on. Dr. Eileen Thacker will be talking about ARS' role on the pilot
projects, from collecting samples from farm all the way to slaughter. And
we've utilized our university and industry partners.

One of the things that we have to highlight continually all the
time is the only way we're going to be successful in dealing with antimicrobial

resistance is if we have very good working relationships, not only across the
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federal government, as Bill Flynn and Steve Solomon indicated, but also with
our stakeholders. So we need to be engaged and so do our -- with the animal
commodity groups. And it is very important that they are participating in this
and working with us.

We have a number of projects where we're assessing the
emergence of antimicrobial resistance. A couple that I'm highlighting is the
MRSA in the dairy industry and the Clostridium difficile in dairy, beef, and
swine. And ARS and APHIS have been working with CDC and FDA on that.

FSIS has the Salmonella pathogen reduction program, where
they're also collecting AMR information. And FSIS also has the National
Residue Program, where they're collecting samples to determine if they can
pick up any residue in animal products at the processing time.

On the management and technology side, once again NAHMS
plays a role. APHIS collects information on the type of management systems
that are being utilized and then has been developing analytical tools to see if
we can associate that with antibiotic resistance.

On the prevention and control efforts, first on the antimicrobial
resistance, we've been looking for -- in a number of different venues, looking
for factors to reduce the transmission of drug-resistant pathogens and trying
to formulate some best practices. APHIS and FSIS have primarily been
involved with that.

We've heard about the One Health Initiative within USDA. We
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have a One Health working group that I'll talk about later on. But it's through
this that we are working with FDA, CDC, NIH, and others, to look at the public
health impact of all the way from the farm to the consumer. And APHIS and
FSIS have the primary roles in that.

And as indicated by Dr. Solomon, one of the criteria in reducing
AMR is keeping -- reducing infections. And that also applies in the livestock
and poultry industry. And we cannot emphasize enough how important it is
that we not only continue but enhance the development of vaccines,
diagnostic tests, and management practices that keep our animals healthy.
We really need to work on that aspect. And | think a lot of times, in these
discussions, that gets forgotten. So it is very critical in that we continue to
invest in it.

On the management and technology, we've been looking at, in
particular, critical control points, especially in the dairy industry. APHIS and
NIFA and -- ARS -- NIFA and ARS -- ARS, NIFA, and APHIS -- sorry, there are too
many A acronyms in the USDA -- all have been involved with that activity.

On the education and training, APHIS has been working with
FDA and CDC on veterinary accreditation, where the veterinarians need to
continually have credits, continuing education credits, on an ongoing basis.
And then NIFA plays a role on the training and extension. And I'll mention the
extension later on. But that is an area that we recognize and we have a very

valuable network, and we could do much more in providing information

Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947



62

about the practices that work, management practices, also the proper
stewardship of antibiotics.

The NAHMS report. APHIS does a very good job of providing
that information, and it provides critical information to the industry and to
our federal colleagues. APHIS has played a key role in working with FDA on
providing education and training on judicial use of medically important
antibiotics.

On the research efforts, there is a large number of projects that
are going on. I'm just highlighting some to give an overview. The first one, by
ARS, is working on processing technologies to reduce the microbial
contamination of food. The role of biofilms is a critical area in development
of resistant microorganisms, and ARS has been working on that. Also we've
been looking at MRSA and Clostridium difficile and trying to better
understand the emergence of antimicrobial resistance with those. And APHIS
has been involved with those activities.

With E. coli and Salmonella, we've been looking at how are we
acquiring, transmitting, and maintaining the antimicrobial resistance
elements within those pathogens. And we've also been looking at Listeria
and Salmonella and E. coli and Campylobacter with NIFA, and once again
dealing with the production systems and management systems that we have,
seeing if we can correlate that activity.

ARS, through the ARMS and other processes, has been looking
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at the economic effects of antimicrobial resistance. And one in particular
they've been looking at is the impact of using and phasing out antibiotics for
growth promotion and looking at the economic impact of some of the
alternatives that we're looking at today.

Management and technology. There are alternative
approaches for trying to reduce the microbial load at the food safety side, but
also on the animal side. On the animal side, we're looking at a number of
biologics and looking at the impact on microbe ecology as well as the direct
impact on foodborne pathogens.

Unfortunately, there are no silver bullets. Antibiotics have
been extremely useful and have had some very broad applications. And,
unfortunately, that is the reason why you see resistance, is because of the
large amount of use.

So we need to do more research on critical control points, and
we've done some in the dairy industry, but we need to look across the other
-- at the other animal industries.

Also the development of vaccines we need to continue, as |
earlier had indicated.

And then an area that it's still too early to tell to see how much
impact we can have, but does the host genome of some of these farm
animals have an impact on the susceptibility of the diseases? And you could

look at the diseases that are contributing to the use of antibiotics. And one
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of the areas that we've talked quite a bit about and haven't really moved
forward is | think there's a real effort on looking at comparative immunology
across a lot of different species and utilizing that information on how the
different species react to the different pathogens and developing
biotherapeutics.

In an unrelated disease, foot and mouth disease, we're showing
that Type | interferon is down-regulated when the pathogen infects the host.
And when we give Type | interferon, we up-regulate, we reduce the amount
of time and protection to the vaccine. There are some things that we can do
on the bacterial side because foot and mouth disease is a virus. So | think
there are a lot of opportunities that we could look at across species. So it
would be human health as well as animal health.

And then we'll continue to be involved with the NARMS study.
And Eileen will talk to you about where we're at with that.

Relative to research efforts, education, and outreach, NIFA,
through extension, is utilizing that to provide educational materials to the
animal industry. They're also contributing to the updating of the quality
assurance guidelines that the animal industries developed. They've also been
funding the Food Animal Residue Avoidance Database. That's a database that
has been peer rated by a number of universities. And quite frankly, we're
struggling to keep that funded, and that database is used quite a bit by the

veterinarian community.
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So on the One Health working group a number of years ago,
that was developed. Initially, it involved the Marketing and Regulatory
Program and Food Safety Program, and later on the research, education, and
economics was included. The three undersecretaries lead that:

Edward Avalos, Dr. Cathy Woteki, and Brian Ronholm. And it's through that
that myself, John Clifford, and David Goldman work with a relatively large
group working across those, the six different agencies and some other
agencies | haven't mentioned. The Foreign Ag Service and Rural Development
and a few others have been involved -- Ag Marketing, AMS.

Pat, what's AMS, Ag Marketing Service? Okay.

And so there are a number of others that have been involved.
And it's through this One Health group. It was actually under the direction of
Dr. Cathy Woteki when | was a Senior Advisor for Animal Production and
Protection, that she had indicated that we really needed to become better
organized on what we are doing for antimicrobial resistance. And that insight
proved to be very important. It was through the One Health working group
that we held the antibody resistance workshop in May of 2012. A number of
participants are sitting in the room. And it was a two-and-a-half day meeting,
and we identified a number of gaps.

I've highlighted a number -- quite a few activities that USDA is
doing. But the problem is, is a lot of those activities are not funded on a

consistent basis, and so they come and go. And we recognize we need to be
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better organized. We need to be more synergistically conducting our
activities across the agencies. And so we've been working on an action plan
that integrates those activities across those six different agencies and the
primary objectives that follow what Dr. Solomon had indicated, antibiotic use,
surveillance, and alternatives to antibiotics, and how do you mitigate
antimicrobial resistance and development of AMR through management
practices and other types of processes.

So we have a lot of work in front of us. We're collaborating
across the federal government and have met with some of our stakeholder
groups, the animal industries, but we're just at the beginning of seeing an
added emphasis in this area.

So the One Health working group has been working with FDA,
primarily APHIS and also FSIS, on the judicious uses of medically important
antibiotics, the 213. | put down the wrong title. Sorry, Bill. That is defining
what the medically important antibiotics are.

Veterinary feed directive. APHIS plays a big role in working
with FDA on that.

I think we'll continue -- | know we will continue to see more
interest in AMR. The PCAST report is expected soon, and we've been involved
in listening to what the PCAST considers the current status and the direction
that needs to be taken.

The USDA One Health working group is also involved
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internationally. The Transatlantic Taskforce on Antimicrobial Resistance is
something that we're engaged in. APHIS and somewhat the Foreign Ag
Service are involved with OIE/WHO. And all of us are involved in global
health security.

So there's a lot of work to be done. | think it's extremely
valuable that USDA has been in the process of integrating our activities
because, quite frankly, staying on top of all of the activities that are going on
has become quite an effort in itself, and it will only be expanded. Soit's
really important that we continue to do this.

So, with that, | gave you a brief overview and just to highlight
what we're doing. | think it fits in very well with the excellent presentation
that Dr. Solomon had indicated on what we need to do.

So, with that, I'll take any questions.

(Applause.)

(Audio malfunction.)

MR. ROACH: Hello, I'm Steve Roach with Food Animal Concerns
Trust -- | thought | would ask some questions, and | was very happy when |
saw the action plan at the end -- So | think one problem --in 2000 and |
remember working with Paula Cray -- in 2000 to 2004. The one thing | am
hoping to see, at least in the very near future -- where we actually get data
out of it --

And the last point on it, | thought, in your action plan in terms
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of looking at alternative -- | think it's another area where we need much more
work. Sometimes it seems to me that USDA has attempted upon every other
realm of addressing antibiotic resistance besides just saying we need to --

But | was wondering if you could explain a little bit more how you see this
action plan actually being reinforced. And also is there a specific person that
is the lead -- health community -- that actually interact with -- We haven't
heard about --

DR. KAPPES: So specifically on the drug use, yeah, we recognize
that that is a critical piece of information. As | indicated, we've met with our
stakeholder groups, developing those relationships and being able to collect
that information. We recognize, as was highlighted in the 2012 workshop,
that we really need longitudinal studies where we're taking samples and
collecting data from the farm all the way to the meat case. And until you
start tying uses with management practices and other aspects of how the
animal is produced, all the way to the packing plant, it's very difficult to find
better ways that we can reduce the use of antibiotics and also reduce, more
specifically, AMR.

On the action plan, I'm forgetting your second comment. The
first one was on use, the second one was --

MR. ROACH: Well, it was actually on, you know, how much are
we using and how can we reduce it? But my biggest --

DR. KAPPES: Okay. So you were talking about alternatives.
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Yeah, we recognize that alternatives is an area that we need to invest a lot
more. The resources that are available right now are probably not sufficient
to the amount of effort that we need to put into it.

And relative to the contact person, John Clifford,

David Goldman, and myself, we play different roles based upon the activity.
So those would be your three contact people to come to. And we have a
number of staff here that are technical experts, so we can refer you to
specific questions.

Thank you.

DR MIKANTHA: Nkuchia Mikantha with the Pennsylvania
Department of Health.

Can you please explain to us the economic study about growth
promotion and how that ties in with voluntary withdrawal? | would also like
clarification about the directive on animal feed.

Thank you.

DR. KAPPES: So we're looking at -- the Economic Research
Service is looking at the impact of losing the use of antibiotics for growth
promotion -- losing it. And that's for medically important antibiotics and
looking at what impact that will have on our farms. They're also evaluating
different other strategies that you could use for growth promotion that you
could use in lieu of antibiotics. So that's an area that's relatively early, and I'd

have to refer you to the Economic Research Service for specifics, if that's
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what you'd like.

Eileen Thacker, are you back in the office -- or back in the
room? Yes, there she is. Do you know where they're at with the ERS study?

(Off microphone response.)

DR. KAPPES: No, sorry. Why don't you give me your business
card and we can -- so the question was the animal feed directive. What
specifically were you asking about that?

DR. MIKANTHA: | just wanted you to elaborate on what it
entails, whether we can find it on your website somewhere so we can
understand what it is.

DR. KAPPES: I'm sorry, I'm not able to hear.

DR. MIKANTHA: The directive. Is it publicly available?

DR. KAPPES: Dr. Flynn could address that. They're the ones
that provide that guidance.

DR. FLYNN: So you're asking about the Veterinary Feed
Directive, correct? So that is something that we have ongoing rulemaking. So
there was a proposed regulation that was published, and that information is
all available on our website. | can certainly point you to where that
information is available, which describes that regulation and basically what's
involved in that.

DR. McDERMOTT: Thanks very much, Dr. Kappes. And thank

you for the questions.
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I'm going to take the moderator prerogative and declare a
break. | think maybe that's a good idea at this stage. So how about 10
minutes, and we'll come back at 10:15 and resume.

Thank you.

(Off the record.)

(On the record.)

DR. TAUXE: We'll go ahead and get started now, with a little
more coffee on board perhaps for some of us, and continue this.

Pat introduced himself earlier. I'll take a very brief moment to
introduce Pat McDermott as our next speaker, of course, the Director of the
National Antimicrobial Resistance Monitoring System at FDA, in the Center
for Veterinary Medicine, where for a number of years Dr. McDermott's
research interests have been in the area of bacterial drug resistance in animal
production environments and the food supply.

We welcome you back to the next part of the meeting. And,
Pat, the podium is yours.

DR. McDERMOTT: Thank you, Rob.

What | hope to do in this next 30 minutes is basically talk about
the main things that we've been working on since the last public meeting, so
over the last three years. You know, this meeting has a feeling of coming up
for air a little bit. We've been quite busy looking at and trying to improve on

what we thought were the top priorities within the strategic plan, and that's
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what | wanted to touch on this morning.

And to remind everyone, | guess, in my own way of presenting
it, something we've heard before, but part of understanding progress is
knowing what your goal is and what your ideal is, so that you can measure
progress toward it.

And this figure, in my mind, explains what the value of NARMS
is, at least from the FDA perspective. And it begins with measuring baselines
of resistance in different environments. And so we're looking at different
production classes throughout the food chain and into clinical infections;
understanding the resistance baselines and how they might spread through
the food supply or other alternate routes through the environment; how
those resistance levels change over time; what's driving that change. Can we
attribute it to a specific source or practice? And that's what this indicates,
antimicrobial use and antimicrobial resistance and those relationships. Can
we understand that throughout this continuum of data? And then the burden
of illness, the burden of resistant infections, in particular.

And all of those feed into, | guess, what we call a risk analysis-
type process where we're trying to develop policies and educations that are
evidence based, that we've -- in a process where we've been able to identify
interventions that might result in the best public health outcome in terms of
preserving antibiotics for humans and animals.

So NARMS serves more functions, multiple functions, in that
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regard. It's not just measuring one thing and reporting those data, but it fits
into, | think, this sort of puzzle-work of elements involved in understanding
hazards.

Dr. Flynn told us a little bit about historical items related to the
regulatory side of antimicrobial -- in addressing antimicrobials from FDA's
side. Those are shown on the bottom of this timeline and then across the top
of the timeline, a little bit of history of how the program evolved over time
and as a way of showing how we got to where we are today.

NARMS began as the result of a veterinary medical advisory
committee, along with another advisory committee on anti-infective drugs,
that met in 1994 in the context of the approval process for the
fluoroquinolones that were approved for water use in poultry. Basically, at
that time it was recommended, if you're going to put an important drug of
this class out there, you need a post-approval monitoring program. They
called them PAMs at the time. And Commissioner Kessler at the FDA, at the
time, basically mandated NARMS as a precondition for that approval.

So the program itself was born in the context of post-approval
safety monitoring of FDA-regulated products, but it has value beyond that
original plan. But that's the historical context of it. It began with just human
isolate testing by CDC in 1996; the next year, by USDA looking at Salmonella
and Campylobacter. The retail meat component started in 2002 to build this

sort of three-legged stool, if you will, of surveillance.
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A lot of what we have been doing in the last years is focused
our recommendations from an FDA Science Board review of NARMS in
April '07. And part of that -- that guidance really is what led us to develop the
strategic plan and has guided a lot of our priority setting since then, including
a new animal component at USDA that I'm going to spend most of the time
talking about. It's the most material change, | think, to the program since our
last public meeting.

And then you heard Dr. Solomon talk about the CDC threat
report. And, of course, while some of these regulatory actions have relied on
NARMS data in the past in the pre-approval process, Dr. Harbottle will tell us
NARMS data are used in that regard. We are facing the challenge of how to
measure the impact of these most recent policies that Dr. Flynn described for
judicious use.

As different agencies join the program, different organisms
were added to it. The four core organisms, | think, are -- well, the two core
ones are Campylobacter and Salmonella. And along with those, we test
commensal organismes, E. coli and Enterococcus, both on the retail and animal
side. At CDC, the shared organisms are Salmonella and Campylobacter, and
then other organisms within an enteric route are included at CDC under the
NARMS umbrella. It's very challenging to get routine surveillance of
commensals from healthy humans, and so a few projects were started on

E. coli and Enterococcus, but only in retail meats and animals are we looking
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at those organisms routinely.

So, from that timeline up to the structure of NARMS in 2012 --
that's what's shown here and recapitulated here a little bit -- CDC is getting
isolates from the human population, based on physician visits where isolates
are sent to local and then state labs, and then state labs share those with CDC
for Salmonella and Campylobacter, where the susceptibility testing is done.
And CDC has published an annual report, along with the other agencies
involved in NARMS, each year. So we've had multiple annual reports every
year, three plus a single report where we tried to integrate the data.

So we've described NARMS as an integrated monitoring system
where we're looking at isolates from different sources and analyzing them in
the same way and then trying to put that data together in a way that's
comprehensible and fits into that design | showed you at the start for
devising evidence-based interventions and education.

So it occurred to us that four reports a year is not a very
integrated system, so we're trying to move towards a single report as one of
our goals in the future.

On the retail meat side, it's grown from five sites in 2002 up
through 2012, to 11 FoodNet -- well, 10 FoodNet sites and 2 other labs
included in the Pennsylvania Department of Public Health and public health
departments.

We are looking at -- and we'll touch on this and there will be a
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presentation on this later by Dr. Kabera and Dr. Brown, | believe, looking at
imported foods and other sources of information. We're still grappling with
the way in which we could try to look at the types of resistances that are
being imported, but we have some data on that. These meats are collected
by the state labs. They do the primary isolation and identification. The
organisms, all four organisms, as | pointed out, they send those isolates to
FDA, where the analysis and reporting is done.

The main issue on sampling, which was the focus of our last
public meeting, was on revising the animal side of NARMS. NARMS was built
at the recommendation of the Interagency Task Force, at the time, on
preexisting public health infrastructure. It made sense. There were
affordable sources of isolate out there that were used, and susceptibility
testing was performed on them, and they were incorporated into NARMS as a
way, in part, to stand up the system quickly and have an integrated program.
But we recognized that the animal part could stand to be improved in that
regard, because it was built mainly on the HACCP program, which also started
near the same time.

So these were samples that were being collected for HACCP
purposes. They were mainly carcass swabs and ground product at the end of
production. They were collected in less and less of a randomized way as risk-
based sampling was implemented, and repeat plants that didn't pass we're

sampling more frequently than those that had. So there were a lot of
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weaknesses in that that we wanted to address.

And the other one was that only Salmonella was recovered
from all four production classes. The Campylobacter, E. coli, and
Enterococcus were only obtained from spit-chicken carcasses that were
obtained at the FSIS Eastern Laboratory.

So it was a quilt-work, sort of patchwork, put together of what
was available and at hand at the time. But we made it a priority to try to
address that part of NARMS, as far as sampling goes, to try to make the data
a bit more robust.

So, if we look at the four strategic priorities from the strategic
plan, | think the ones that have changed most since our last meeting fall into
all of the categories. But we'll touch mostly on sampling and then the data
part and the research part. The international aspects are directly relevant to
the changes we're making at NARMS, but are more oriented towards
harmonization and global policy efforts.

So | wanted to touch mostly on those first three. And
beginning with sampling, the history | showed you extended all the way up
into 2003, as CDC added more sites. And in 2003, participation was in all 50
states along with three local health departments in LA, New York, and
Houston. So they're nationwide since 2003.

Nothing has really changed in the type of isolates or the

frequency of isolate testing since 2008, although there are some
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conversations ongoing about what can be done to augment the human
sampling design in NARMS. And Dr. Barbara Mahon will touch on that in her
presentation.

Again, going back to the Science Board and to our own
ruminations on this topic and feedback we've received from other sources, it
was the goals in revising the animal sampling, was to make sure it was
nationally representative, to make sure it was random. And | mentioned that
we didn't have true animal samples historically, but we had what | would
describe as meat samples that had not yet reached retail. But that was the
majority of the isolates. There were some NAHMS isolates and others, but
most of them were carcass swabs and ground product swabs; and as |
mentioned, incomplete microbiological analysis in that we only had
Salmonella from all four production classes.

Also, out of the Science Board recommendation and other
feedback we received on the animal sampling side, it was recommended that
on-farm data were really essential in understanding the movement of
resistance from farm to fork.

And so we set out to try to address both of those
recommendations, and to make a long story short, we have revised
completely the animal sampling scheme in NARMS, moving away from the
HACCP samples towards a cecal sample, in which cecal samples or intestinal

contents are recovered from individual animals at slaughter for all four
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production classes.

And we really have talked to FSIS and a lot of people who
worked truly hard to stand this up in the short amount of time. They led the
design of this, worked with the veterinarians and the FSIS-inspected plants to
set this all up, to set up the logistics of shipping and testing. And so they've
really -- you know, this is a full partnership in NARMS. And the FSIS really
stepped up, | think, in this case and showed that we could put new systems in
place in an affordable way and in an efficient way.

And so the advantage of this is that cecal samples really are
more of an animal sample. They better reflect the status -- the microbial
status of the animals, and the isolates themselves are less confounded by
plant events. And that matters. We know from our molecular analysis that
when you get isolates out of plants, you can see resistance genes in those
isolates for treatments, chemical treatments used in those plants. So it
removes it a little bit more from what the animal came in with and more
towards the retail meat side. So we moved from the back door to the front
door of the slaughterhouse.

This design is randomized, and it's nationally representative of
slaughterhouses. Testing is based on volume, and we have now complete
microbiology from all four sources.

But the data analysis goes a little deeper. We also know,

among swine, we're getting metadata to distinguish market hogs and sows
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among cattle, dairy, beef steers, and heifers. So this level of metadata we
didn't have before either, along with chicken and turkey. And the FSIS Office
of Public Health Science in Athens is receiving these samples from the plants
around the country and doing the culture and the analysis of the isolates.

So I'm really proud of this. | think this is a great example of our
agencies working together to address this important issue that we all are
interested in and the reason we're here today.

On the farm side. So the farm pilots were recommended for a
number of reasons, but there was also a lot of things we wanted to explore in
trying to conduct these pilots. And yes, they are still pilots. This on-farm
work was led by USDA's Agriculture Research Service. And Eileen's going to
speak about this later. They worked in partnership with the universities and
industry to try to address a number of things on the farm. And the first is,
well, can we do it? | mean, what are the logistics, what are the costs, and
what is the added value? Even if the costs -- even if we have resources, is it
worth putting them there? How much should we try to put into a farm or a
pre-harvest component to NARMS? And so it was to look at value and also to
look at just logistical challenges.

But also, since we had put in place the new cecal sampling
design, we wanted to know, well, if that's what we're left with at the end of
the day, what is different between farm and what we're seeing at slaughter,

at least so we knew for our own descriptions of the program, to understand
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those limitations?

And also an important part of this was to explore on-farm
testing as a point for obtaining drug use information, which is a top priority.
And | can say right now that the preliminary work is mostly completed, and
Eileen will give us the details. But we're still looking for a way to move
forward with this across the agencies and with all the NARMS partners
involved.

On the sampling for the retail meat side, the only change that's
occurred since our last public meeting is we've added three new state
laboratories to NARMS. So we've now gone from 11 to 14 with Washington,
Missouri, and Louisiana. They're still following the same sampling of
purchasing 10 packages each of the four meats under surveillance, and all 14
states are doing Salmonella and Campy, and only a subset of states are doing
the commensals. We're up to now about 6,700 meats a year.

And | wish | could say that it solved all of our problems in the
sense that it's now given us the power to do deep statistical analysis of
trends. But since we know trends differ by serotype, when you dig into these
serotypes, we still don't have a suitable number of isolates to do very robust
statistics on it. So we still think there's room for improvement on the retail
meat testing side.

So from where we were to where we are. The human design

for sampling hasn't changed. We've added states to the retail meat side.
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We've completely revitalized, | think, and revamped the animal production
side. And | should point out that the HACCP isolates are still being collected,
of course, and those isolates are still be subjected to susceptibility testing. So
we will still have that dataset into the NARMS dataset, and it will certainly, at
the very least, allow us to compare the impact of this transition to a new
sample type. So we've not replaced anything; we have simply augmented.

And then | show here, you know, without the individual
reports, that we hope to see a single integrated data -- a single report with
the data integrated in one place, along with some other enhancements to
sharing the data publicly. And, again, the HACCP is only Salmonella now at
this point.

So what else has changed on the method side? And
Dr. Shryock, we're going to get to, | think, one of your questions here pretty
quickly. We've always used the same methods. Well, | shouldn't say always,
but for most of the life of the program, we've all used the same methods for
susceptibility testing, and that's broth microdilution for Salmonella, E. coli,
and Enterococcus.

There were some differences in Campylobacter susceptibility
testing. NARMS scientists developed the first standardized and validated in
vitro susceptibility testing method for Campylobacter for the purposes of
NARMS, and we've been using that across the program since 2005. We had

the same plate formats which we developed in consultation also along with
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our colleagues in Canada at the CIPARS program, who used the same plate.

We used essentially the same isolate handling and
troubleshooting procedures that are under our control. Of course, the state
labs might do different things in their labs in the isolation of the human
isolates.

And we've followed the best quality assurance/quality control
guidelines out there, including something | think might be unique to NARMS,
which is every drug in our panel is within the quality control ranges that CLSI
provides for testing. So we know even if any drug is out of control, out of
scientific control.

I highlighted the breakpoints and the antimicrobials to remind
myself to point out that we periodically reevaluate the content on the panel.
It's a panel we inherited when the program began -- and | think, perhaps,
mainly from Denmark. But we try to look at it on a routine basis, if there are
changes in the drugs that are most important in human and vet medicine.
And we've made some of those changes over the years, and I'll show a couple
of them.

The resistant breakpoint issue is another one. As Dr. Shryock
mentioned in his question, there are pathogens for which the formal process
of establishing clinical breakpoints has never been attempted by any of the
companies who normally come to CLSI and FDA to get breakpoints. So in the

case of Campylobacter, we are left with interpreting the data based on the
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microbiological data only. That's one problem. The other problem is these
breakpoints can change dramatically. And recently, for example, the
ceftriaxone resistance breakpoint went from 64 to 4 ug/mL. So those are
things that we have to accommodate. And let me just address the first one
first.

So this shows sort of a schematic of how the plate has changed
for the gram-negative testing over the years, where we've dropped drugs like
apramycin and amikacin and recently kanamycin, and added cefoxitin and
dropped cephalothin and so on. We added azithromycin in 2011, as it's
become more and more recommended for treating enteric infections in
general. And we've had ciprofloxacin, nalidixic acid, and tetracycline since we
began.

But we've had recent conversations where we're trying to
consolidate all of our testing into one panel. We used to have a separate
panel for ESBL analysis, where we tried to dig deeper into beta-lactamase
resistance mechanisms.

But to try to save money, expense, quality control issues, we're
proposing right now to put drugs on the plate, for the gram-negative plate, to
look at carbapenem resistance and also screens for ESBL detection, which is
cefepime and cefoxitin, which is on the plate. And to do this we would
remove nalidixic acid, whose resistance we can capture by monitoring
ciprofloxacin resistance. And we would remove ceftiofur with a new

Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947



85

breakpoint of ceftriaxone and ceftiofur resistances tracked together.

So for the lab wonks in the audience, | thought you might want
to see that part.

The other part is on reporting and how do we report resistance.
We have in the case of Campylobacter, as | mentioned, no formally
established clinical breakpoints that could tell us clinical susceptibility or
clinical resistance or define the intermediate class. The alternative approach
to reporting MIC data is that that's been pushed most vigorously by EUCAST,
which is simply set a single breakpoint which defines the wild-type population
and call everything else non-wild type. And starting in the 2012 data, we've
adopted this for Campylobacter. And lest you think this is a big change, it's
what we've done all along. We've just set them in a different place. But
we've always just set our breakpoints based on the MIC distributions to begin
with.

So, if you look at the difference -- and at first glance you'll think
it's major, but if you look at these breakpoints, the resistance is no longer
eight. It's now 2, orit's gone from 32 to 4 if we're looking at the EUCAST
breakpoints. It actually makes almost no difference whatsoever to our
resistance rates in general.

And so the value of this is, as soon as the CLSI committee,
which Dr. Shryock and Ron Miller and others in this audience are on, are

going to come up with a formal mechanism that we can all agree on for
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setting these, | expect that there wouldn't be the dramatic sorts of changes
we see that has occurred recently at the clinical breakpoints.

But the other element | wanted to mention is this puts us in
harmony with the Europeans and is one of the elements in the Transatlantic
Taskforce goals of trying to harmonize.

So it seemed like it wasn't consequential and it wouldn't be
confusing to the readers of the report and would put us in a better position.
And one of the reasons it's not that consequential is, in the case of
Campylobacter, it's pretty bimodal. They're either very susceptible or they're
resistant, and we don't see much in between. So that's why those rates
haven't changed very much.

So from the lab side now to the reporting side. Reporting has
been a priority and a perennial challenge for us. We have taken some steps
to try to get the data out in a more timely way. We're taking new steps to try
to present the data in a way that is comprehensible to broad audiences and
different levels of understanding and different levels of interest among
stakeholders. We've tried to make them more concise. We've worked with
the state labs on the retail meat side to shorten the testing and shipping time
frames to get the isolates available for testing sooner. We've developed an
integrated database to facilitate data sharing among the agencies and
publishing of the data. We've been working to improve online interactive

data visualization tools, which you'll hear more about. So those are all sort of
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geared towards getting the data out faster. We've also created a
subcommittee at our December Atlanta meeting, to come up with a better
way of making this very complex data clear.

So we know we can't make it simple, but we think we can make
it clearer. And that's one of those goals, so we continue to work towards
that. And the Dilbert cartoon really, | think, is apropos to our experiences.

On the research side, | tried to just put on this slide some of the
categories of research that are conducted. And as a microbiologist, maybe
they're a little heavy on the microbiology, but they're all aligned very
stringently with this green icon in the middle. They're all oriented towards
the purposes of NARMS, and that is to give us more data, to take action and
to make decisions based on good evidence. And so we don't do research
that's not directed towards that goal.

And | mentioned that some of those are to find out where
resistance is coming from or to help use that feature of the organism in
evaluating outbreaks, to look at the evolution of resistance -- and
Daniel Tadesse is going to talk a little bit about that -- to understand the
epidemiology of plasmids, to really carrying the lion's share of resistance in
Salmonella and E. coli, and understanding those can help to understand the
sources of different organisms. And Jason Folster will tell us more about that.
But you can look at differences in virulence. You know, there's some talk

about categorizing serotypes in different ways, and it would be helpful to
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inform that decision process by understanding intrinsic virulence differences,
which do seem to be apparent from the NARMS data.

| mentioned that part of our research is standardizing methods,
including susceptibility testing methods looking at the effects of antibiotics in
target animals. We'll hear from Beilei Ge about the potential role of animal
feeds in the ecology of resistance. CDC has focused a great deal on risk
factors and clinical outcome from infections caused by resistant pathogens.

And characterizing strains is a big one. And when you're faced
with a situation where you know you don't have the number of isolates you'd
like for good statistics on trends, you can actually extract a tremendous
amount of information just by comparing the isolates that are present from
the different environments.

And so we spend a great deal of effort in coming up with the
right level of resolution to fully characterize these organisms in a timely way.
Timely is an adjective for all of our initiatives, and we're always trying to be
quicker.

And on the research side, | think everyone knows by now,
keeping up with the science of infectious diseases, that whole genome
sequencing has become so affordable and so quick and semi-automated, and
the data you get from it is so comprehensive that it's surely poised to replace
a lot of what we've done in the past, such as classical serotyping. And

serotyping can be extracted from the genome sequencing. Strain-typing
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methods, both for strain relatedness and outbreaks or for phylogenetics and
evolution, are much more detailed through whole genome sequencing data.

You'll see information from Yuansha Chen about can we use
whole genome sequencing to predict susceptibility? Can we do genetic
susceptibility testing? And | think you'll be surprised to see how robust this
method is for that.

And it can also replace these little piecemeal studies we did in
the past, where we tried to find out what kind of plasmid is that and what
couple of interesting genes might it have to now have complete and
comprehensive information, and at the price that's going to be cheaper than
a single PFGE analysis. In fact, it already is. So the cost savings are going to
be tremendous.

And the type of data we will have will tell us more than we've
ever seen before. And | can't summarize all of the information now, but
there are data to show you can get right down to the building where an
isolate came from in some cases.

So it has tremendous potential that we're all excited about, and
a lot of effort has gone into it, and | think that you're going to see a lot of
pretty amazing new types of investigations and understandings come out of
it.

So, in summary, what are the strengths of NARMS? We have

comprehensive susceptibility data for managing risks associated with food
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animal antibiotic use and, as you'll hear from Heather, including the pre-
approval process and also the post-approval monitoring of adverse events,
which resistance can be seen as an adverse event. It's the most extensive
program of its kind -- that's supposed to say "the world."

(Laughter.)

DR. McDERMOTT: It's suitable to large U.S. food production
systems. And so we have more data than we've ever had, and when we are in
a position to wed these data to it, we'll have really, | think, an excellent
program.

And it's excellent in other ways. It's excellent as an example of
collaboration. And you can see here, and as you've heard from our first
speakers, we work with FoodNet in supplying characteristics of our isolates or
in getting the isolates, and with PulseNet in characterizing them. FSIS, ARS,
and APHIS all have a role in NARMS. ORA -- you know, we are getting
information and we have provided susceptibility testing panels to the Denver
ORA lab to get the information on imports for a number of years now. CFSAN
is helping us stand up the sequencing. The NIH is on board to warehouse the
data and provide some of the tools for quickly analyzing it. Universities have,
and hopefully will continue, to participate along with industry. We can't do it
without their participation and their help as well.

It was recognized as a model for international capacity building

and technical standards. Some in this room who are on some of these WHO
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and other working groups can attest to that. It has a robust and focused
research program.

It has probably the best characterized isolates from foods
anywhere. And so you can mine that for information to address other food
safety priorities.

It has the infrastructure for -- you know, that allows it to be
flexible to look at emerging hazards and look at hypothesis-driven research
and pilot studies and so on.

And the most important thing is there's an exceptional staff of
well-trained and dedicated microbiologists and epidemiologists and
veterinarians. And | have to keep adding to this list as the complexity grows,
but it includes now data managers and molecular biologists, and | can't quite
say this new word yet, but bioinformaticians, statisticians, and others.

Thank you very much.

(Applause.)

DR. McDERMOTT: So | imagine there probably aren't any
guestions because | really just set the stage for our other speakers. But if
there are any questions, | could try to entertain them.

(No response.)

DR. TAUXE: Well, thank you very much, Pat.

We'll now turn to a review of how the different federal

agencies are making use of the NARMS information themselves.
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| want to take just a moment to introduce my co-moderator,
Dr. Emilio Esteban, who has been working in this area for 20 years, | think,
first with us at CDC and much more recently at FSIS, where he directs the
laboratory where a lot of the testing happens.

I'm Rob Tauxe. I'm Deputy Director of the Division of
Foodborne, Waterborne and Environmental Diseases at CDC, with a
longstanding interest in the field.

Our first speaker from the FDA is going to be Dr. Heather
Harbottle, who will speak about FDA's use. Dr. Harbottle received her Ph.D.
in veterinary medical sciences from Louisiana State University, then came to
FDA as a post-doc and served as a principal investigator at CVM's Office of
Research on molecular mechanisms of antimicrobial resistance, and is now at
CVM's Office of New Animal Drug Evaluation, where she serves as a
regulatory review microbiologist for the Division of Human Food Safety.

Dr. Harbottle.

DR. HARBOTTLE: Thank you very much.

So thank you very much for inviting me to speak today. I am
going to enjoy telling you about the work we do. As Dr. Tauxe said, | am in
the Office of New Animal Drug Evaluation, and within that office the Division
of Human Food Safety on the microbial food safety team. So I'm going to tell
you a little bit about what we do first and then tell you how we use NARMS

data.
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So we receive submissions from sponsors in a number of
categories. And so we perform reviews for microbial food safety of new
animal drugs in the following categories.

We follow the Guidance for Industry 152. We've put that out
for industry to use to perform their assessments of their animal drugs. And
this is an analysis of risk of the development of antimicrobial resistance
among bacteria of human health concern in or on treated food-producing
animals. So I'll be focusing mostly on that today.

But some of the other reviews that we do perform on our team
would be following Guidance for Industry 159, which assesses the need for a
microbiological acceptable daily intake, or ADI. And we do use some data for
that, as well, but | won't be focusing on that in the interest of time today.

We also perform reviews on food additive petitions. And a few
of the speakers -- | think Pat was discussing some of the research out at OR
that's looking at the animal food industry and some of the bacteriological
contaminants and resistance there.

We also receive GRAS notifications. And so we perform a
modified version of our risk analysis on these sorts of submissions.

So I'll be focusing mostly on the Guidance for Industry Number
152. Dr. Flynn and Dr. McDermott both introduced this subject for you all
quite nicely, and it is entitled "Evaluating the Safety of Antimicrobial and New
Animal Drugs with Their Regard to the Microbiological Effects on Bacteria of
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Human Health Concern."

So this is a qualitative risk assessment approach. We perform
this assessment to look at antimicrobial drugs intended for food-producing
animals and regarding the development of antimicrobial resistance. So this
assessment will address or aims to address the human exposure to
antimicrobial-resistant microbes through the ingestion of animal-derived
food. And I've included the link there for anyone who would like to look it up
and read more thoroughly.

So the risk assessment breaks down into two major points.
First is the hazard characterization and the second is the meat of the
assessment, which would be the qualitative risk assessment. And it's broken
down into the three steps, and I'll go into each step just in overview and then
I'll let you know where we commonly use NARMS data and where we could
use more NARMS data. And those three steps come together into an
integrated risk estimation. So there is an overall risk estimation for each drug
use.

And | just wanted to clarify that we do this for each
antimicrobial drug that comes to our team for an assessment. So this is an
antimicrobial drug that's used in a specific food animal to treat a specific
disease, so it's a targeted risk assessment.

So the first thing I'll talk about is the hazard identification. So

that's the first part of the risk assessment. And the hazard has been
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identified as human illness caused by an antimicrobial-resistant bacterium
attributable to an animal-derived food commodity that's treated with a
human antimicrobial drug of concern. So these are the three things that we
look for when we're looking at what is the hazard and do we need to go
further in the risk assessment, because in some instances the hazard
characterization is enough. We sometimes receive submissions on non-
traditional antimicrobials, and in some cases the hazard characterization can
be enough and the sponsor can stop at that point. But for more traditional
antimicrobials, we definitely will go through the whole assessment.

So the first step in the qualitative risk assessment is the release
assessment, and this describes factors related to an antimicrobial drug and its
use in animals that contribute to the emergence of resistant bacteria or
resistant determinants in the animal.

So this is the breakdown of the release assessment. There are
a number of release parameters. And | have included in this table where we
use the NARMS data and where we could use more NARMS data. Each of
these parameters is assigned a category of risk for high, medium, or low. So
these release parameters include mechanism of activity of that particular
antimicrobial, the spectrum of activity -- and this is one of the areas where
we lean very heavily on NARMS data, looking at the MICs -- pharmacokinetics
and pharmacodynamics we take into account of that drug in the particular

animal species.
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Resistance mechanisms. We do use some of the NARMS
research data that is out there. We also use publicly available studies. But
the more information you can give us, the better. So the more NARMS data
we can get, the more we like.

Also resistance transfer. And this is specifically looking at if an
antimicrobial resistance gene associated with that resistance is located on
chromosome or on a mobile element. What's the prevalence? And then that
feeds right into selection pressure if there are other antimicrobial resistance
genes that are co-located with a specific resistant element. And we use
NARMS data there from the research projects. And, obviously, we can always
use more if they were available.

So here are some examples of use of the NARMS data, the
NARMS research data, that we've used in our risk assessments. Specifically,
I've put up some microarrays here on the detection of resistance in mobile
element genes. And any of this information is really helpful for us in the
release assessment: PCR; individual sequencing, as Pat alluded to, the sort of
spot sequencing; low-density DNA microarray, which is pictured here -- and |
think we'll hear more about that from Dr. Daniel Tadesse later, maybe
tomorrow -- the low-density and the high-density microarrays that are being
developed for NARMS use. Also, expression microarrays can tell us
something about resistance mechanisms and whole genome sequencing, as

Pat has been discussing.
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So the second portion of the risk assessment is the exposure
assessment, and we typically lean very heavily on NARMS data for this
portion. It describes the likelihood of human exposure to foodborne bacteria
of human health concern through animal-derived food products. So this
breaks down -- excuse me, I'm going to just tell you more about it before I tell
you how it breaks down.

The exposure assessment looks at -- it assesses the probability
that humans consuming an animal-derived food will be exposed to resistant
bacteria of public health concern. So in order to do that, we evaluate this
based on relative consumption and contamination rates of these
commodities. And a variety of data sources are helpful. We use as much
data as we can find. We obviously use NARMS data quite heavily for the
contamination rates of these commodities. But we've also used a number of
different surveillance systems from all over the world. CIPARS, DANMAP. I've
listed just a few examples there.

This is basically how it breaks down for the exposure
assessment. We look at what is the specific commodity, how common is the
consumption of the commodity -- so it's a high/medium/low categorization
again -- and the probability of that food commodity to be contaminated with
a resistance that we're looking at.

So, for example, if we were looking at a cattle use, we would be
looking at what is the consumption of cattle food products and then the
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specific drug that the sponsor is looking for approval. We'd look at the
probability of contamination of resistant pathogens within that food
commodity. So these come together from -- if it was a highly consumed
commodity and a low contamination rate, it would come together into a
medium category.

And last is the consequence assessment. And this describes the
human health consequence of exposure to the resistant bacteria based on
the importance of the drug or related drugs to human health.

And this is a ranking of the antimicrobials. And so I've given a
few examples here of the ranking of the antimicrobials. These drugs are
ranked by CDER with some CVM input, and they break down into critically
important, highly important, and important. And just a few examples here of
critically important drugs would be third-generation cephalosporins,
macrolides, fluoroquinolones. And then down into the important or the
lowest-level category would be quinolones, monobactams, et cetera.

But this is Appendix A. So, if any of you do go and look at
Guidance for Industry 152, the list is there in Appendix A.

So after we, as reviewers, have gone through the assessment
that's put together by the sponsor, the risk estimation is integrated together
with the results from the release exposure and consequence assessments and
produces an overall measure of risk that is associated with that specific
hazard.
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So once the overall risk estimation has been determined, we
then would suggest risk mitigation strategies to the sponsor. So, for example,
if the risk was a high level of risk, or Category 1, we would suggest to the
sponsor that a prescription marketing status would be advisable, that extra-
label use would be restricted, and that the extent of use might be low, so not
so much herd therapy, but smaller uses, smaller numbers of animals, more
targeted therapy. And post-approval monitoring would be recommended. So
this is just an example of how once the risk is determined, we suggest some
mitigations.

So the foodborne pathogen is commonly addressed in
Guidance 152. Obviously, this is much, really, in harmony with NARMS. We
look at the top pathogens that are transmitted by food, as listed by the
MMWR. Salmonella enterica serotypes and Campylobacter usually fight for
the number one position every year, so these are two that we look at closely.
We look in specific food commodities, and these obviously harmonize very
well with NARMS: ground beef, pork chops, chicken breasts, ground turkey.
In some cases we will look at other animal food commodities, but these are
the typical ones.

We also look at generic E. coli for a gram-negative resistance
marker. Obviously, E. coli is also of a concern, but we use the NARMS data
looking at the generic E. coli for trends and resistance.

We also look at Enterococcus species as a gram-positive marker
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for resistance emerging in gram-positive organisms.

And we also will take into consideration other non-foodborne
bacterial species, if there is a human therapy that will be compromised by the
veterinary use of a particular drug. For example, a drug that's used as the last
line of resort, if that use may be compromised by veterinary use, we'll take
that into consideration in our risk assessment.

So, again, where can we use the NARMS data? I've given you
sort of the breakdown in that little table, but it's basically in the release and
the exposure assessment. And the mechanisms of activity, looking at the
targets of action, there are some research projects | know that NARMS and
other folks are doing, looking at that, the spectrum of activity, the
susceptibility data, you know, what's the broad spectrum or narrow
spectrum; resistance mechanisms, whether it's structural efflux or a specific
gene that causes the resistance and whether or not that resistance can be
transferred if it's chromosomally located or on a mobile element, which then,
of course, also feeds into the selection pressure, that co-selection, which use
of a specific antimicrobial may then co-select just because that gene ison a
mobile element for a different resistance.

And then in the past and in the future, we always lean very
heavily on the NARMS data for the exposure assessment. So we take into
consideration that consumption of the commodity, but the prevalence of the

zoonotic pathogens in the commodity as well as the prevalence of resistance
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of the zoonotic pathogens. We get a lot of that information from NARMS as
well as other surveillance systems and, of course, literature. We scour the
literature in collaboration with the sponsors, | would say, because the
sponsors also do that. But we do it ourselves just to see what's out in the
literature and any information that we can get to better inform our risk
assessments.

So let me give you a really fast imaginary situation of how this
would work. So this is an example of a beta-lactam third-generation
cephalosporin that a sponsor would potentially send in for microbial food
safety approval.

So Sponsor X wishes to obtain a technical section complete
letter from FDA's Division of Human Food Safety, from the microbial food
safety team, for a new beta-lactam third-generation cephalosporin
antimicrobial. And as | said before, this is a targeted assessment. So it would
be for use in a specific animal -- and here I've listed cattle -- to control a
specific disease, control and treat -- I've just listed control as an example -- a
specific animal disease.

So the sponsor must submit, in addition to the safety and
efficacy data, to the other FDA divisions a risk assessment, following
Guidance for Industry 152, for the effect of this new beta-lactam
antimicrobial on bacteria that can be transmitted through the cattle-

associated food products: retail ground beef, steak, et cetera.
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So just looking at the literature, you can look at the release
assessment and look at, okay, what's the mechanism of activity? What are
the resistance genes that are out there? What's the potential for them to be
located on mobile elements? What's the potential for co-selection to other
antimicrobial resistances? And in this made-up case, we've given it a
category of high for the release assessment because there are many
resistance genes in the literature that will cause resistance to third-
generation cephalosporins, such as the b/a family, and they are very
commonly associated with mobile elements.

The exposure assessment. | took this information from the
NARMS 2010 Executive Report. So | was looking for Salmonella enterica
contamination, and there was less than 5% prevalence in ground beef and
10% to 20% resistance prevalence in the Salmonella. So that was sort of a
medium, low to medium. The E. coli we also looked at, and that was a 70% to
80% prevalence, so a quite high prevalence; however, a lower level of
resistance prevalence within that pathogen or bacterial species. So in that
case we gave it a category of medium.

And, finally, the consequences estimate. This is Appendix A.
Third-generation cephalosporins are listed as critically important, so this
would automatically be a category of high. So when you put these high-
medium and high into our table to come out with a final integrated risk

assessment estimation, it would come out as high. So we would suggest to
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the company some risk mitigation strategies in that respect.

So, in conclusion, the qualitative risk assessments aid in
science-based decision making for new animal drug approvals to preserve and
protect human health. As I've said, we use existing surveillance systems,
NARMS data, research data. We use literature reviews. We use anything we
can get our hands on in the scientific domain to help inform our risk
assessments. And often sponsors will voluntarily conduct studies to address
concerns. And the mitigation for these risks can be achieved by limiting the
extra-label use, requiring veterinarian oversight, modifying a delivery
method, and/or extending withdrawal periods.

And I'd just like to acknowledge my team and the NARMS
group.

And thank you all very much for coming today.

(Applause.)

DR. HARBOTTLE: Anybody have any questions?

DR. SHRYOCK: Yeah. Tom Shryock, Elanco Animal Health. You
knew I'd be up here, right, Heather?

DR. HARBOTTLE: | knew it.

DR. SHRYOCK: The question | have is -- you were looking at the
use of NARMS data and all of the rest of it. It seems to make the assumption
that only existing known classes will be addressed or data available. But in

reality, who wants to go with a known class anymore? It's all about
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innovation, new stuff, never before used, hopefully not to be used in human
medical circles. Therefore, there is no opportunity to have NARMS data
because it's not been tested.

So the question | have is -- having a bank of isolates would be
very useful for sponsors, perhaps others, a predefined bank perhaps, which
could be tested against innovative new antibacterial compounds. So | would
like to offer that as a general thought for further discussion. | know Pat has
heard this a few times before, but that seems to me to be a collaborative way
forward without having access to the whole database or all the isolates but
maybe a select panel to help fill in some of those missing pieces.

So my question to you would be, is that something that could
be put on a future discussion, perhaps with ONADE or others within the
Center for Veterinary Medicine?

DR. HARBOTTLE: And | know Pat is itching to get up here, | can
see it. But yeah, absolutely. And | don't know how familiar you are with
ONADE's new innovation policy. We have a whole group of folks that are
putting together new ways to look at either new data or existing data
because sometimes it just doesn't fit. | mean, as you're saying, it's potentially
not a lot of information out there. Perhaps it's a different type of compound
that we're not used to looking at.

So we're definitely open to new things, new ways of looking at

it. And | can't speak for anyone who owns a large collection of isolates, but |
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definitely would say that that information would be very helpful when you
bring forward a new class or a new type of compound to look at a known
panel of strains and see what the effects are.

MS. GROOTERS: Hi. Susan Vaughn Grooters with Keep
Antibiotics Working.

And | have a question about the critically important
classification, how you're using that in the risk assessment in 152, because
152's date is 2003 and the IDSA Sanford Guide is updated much more
frequently than that. And so I'm wondering sort of, as you're looking for new
scientific domains, how much reliance are you using on the updated Sanford
Guide in that risk assessment.

DR. HARBOTTLE: Currently, as far as my team is concerned --
and anyone who is here can correct me if they'd like to -- we rely pretty
heavily on Appendix A. And | pretty much feel that although there are other
surveys out there, we definitely would love to take that into consideration.
But when it comes down to the line, | think we rely pretty heavily on
Appendix A. So | don't know when the next update is going to be to
Appendix A, but | think absolutely, you know, it would be good to take into
consideration the newer updated lists that are available.

Okay, Maria.

DR. KARLSSON: Maria Karlsson, CDC.

| just wanted to follow up with a comment on your question.
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So there's a newly established interagency agreement between CDC and FDA
on creating a repository of antimicrobial-resistant isolates. And this is being
led -- it's going to be coordinated by DHQP at CDC. And so | just wanted to
mention that we're working on it.

DR. HARBOTTLE: Okay, thank you all very much.

(Applause.)

DR. TAUXE: Our next speaker is Dr. Barbara Mahon, Deputy
Chief of the Enteric Disease Epidemiology Branch in our division at CDC, and
acting team lead for the NARMS epi group there. Dr. Mahon received her
M.D. and clinical training in pediatrics from UC San Francisco and her M.P.H.
from UC Berkeley. She trained in the CDC/EIS and is now, as | said, Deputy
Chief of the Enteric Disease Epidemiology and Surveillance Branch at CDC,
which is where the epi group for NARMS is. Her work includes surveillance
for infections and antibiotic resistance, investigation of outbreaks, and
epidemiologic studies of trends and sources of infection caused by enteric
bacteria, directed towards improving prevention and control of these
infections.

Dr. Mahon.

DR. MAHON: Good morning, everyone. | should have provided
less background fodder.

So I'm here to give a perspective on NARMS from CDC. And as

we've been discussing this morning, antibiotic resistance is clearly one of the
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most serious health threats that we face today, both in this country and
globally, affecting both human and animal health and undermining our ability
to fight infectious diseases and to manage infections in patients who are
being treated for other conditions. The impact is huge already, with cost
estimates of $20 billion in excess direct medical costs per year, and more
than that in lost productivity per year now. And if the problem is not pushed
in the right direction, this is only going to get worse.

In the foodborne realm, you've seen the headlines about
antibiotic-resistant outbreaks. A Salmonella outbreak in chicken resists
antibiotics. Drug-resistant Salmonella sickens ground beef eaters. Drug-
resistant Salmonella prompts recall of 36 million pounds of ground turkey.

So it's a big problem and it's a complex problem, but it's
underlied by a very simple truth, which is that wherever antibiotics are used,
they select for resistant bacteria. And this happens because when antibiotics
are present, the bacteria that are resistant to them can thrive and susceptible
ones die or are suppressed. And this is true whether the antibiotics are being
used in humans for medical use or whether they're being used in animals for
veterinary use.

In the veterinary setting, the sort of pathway to human-
resistant infections is that the resistant bacteria can be transmitted to
humans through the food supply, through meat, or through other foods that

have been contaminated by meat or contaminated by other farm sources.
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And those resistant bacteria then cause infections in humans that can have
adverse health consequences.

And the health consequences go beyond simply having the
infection. Clearly, when treatment is needed for these infections and the
infection is resistant to the antibiotics that are usually used for treatment,
then treatment can fail. And this means that treatment choices are limited.
Second-line agents may be more toxic, more expensive, more difficult to
administer.

But the impact goes beyond simple treatment failure. There's
also the issue that even if the antibiotic-resistant infection is not resistant to
antibiotics being used to treat it, these infections tend to be more severe.
The illnesses tend to last longer, there tend to be more hospitalizations, more
invasive bloodstream infections, more deaths. There's also more cases of
illness. And this happens because the resistant bacteria have a selected
advantage in people who are taking antibiotics for another reason.

And, moreover, as others have mentioned, when the resistance
genes are on a mobile element, a plasmid or a little piece of DNA that could
be transferred easily into another bacterium inside the intestines, they can
transfer that resistance to other bacteria, then may cause human illness. So
there's a lot of reasons to be concerned about this.

Dr. Solomon gave you an introduction to the antibiotic threats

report that was published just about a year ago. That was developed to show
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the most important current antibiotic-resistant threats affecting human
health. And the estimate was about two million illnesses caused by these
antibiotic-resistant bacteria per year and 23,000 deaths in the U.S. annually.

Four of the 18 pathogens in the report are tracked in NARMS,
and they're only tracked at the national level in NARMS. And those four are
listed here. The first two, non-typhoidal Salmonella and Campylobacter, have
their natural source in animals -- not in humans, but in other animals -- and
commonly are transmitted to humans through food when either meat is
contaminated or when meat or other farm sources have contaminated other
sorts of food. That's the main focus of our meeting here these two days. The
other two pathogens that we track at CDC in NARMS are Salmonella Typhi
and Shigella. These have their natural reservoir in humans and commonly
contaminate food and make people sick if a human who's infected with them
handles that food. All of these are categorized as serious threats in the
threats report.

So to give you a sense of how serious, I've just listed some of
the estimates for these four pathogens. Campylobacter is listed on the top
because it has the most illnesses. We're listing here resistance only to
antibiotics that are in the critical list that Dr. Harbottle just talked about and
that are used for treating these infections directly. So for Campylobacter,
ciprofloxacin and azithromycin are included in the threats report. Twenty-

four percent of the Campylobacter we're seeing in the U.S. is resistant to
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these, for a total of more than 300,000 ilinesses per year. That's a lot of
illnesses.

The next on the list is non-typhoidal Salmonella, and the drugs
we're looking at here are ceftriaxone, which is a third-generation
cephalosporin -- | think most of you know that -- or ciprofloxacin or resistance
to five or more classes of antimicrobial agents. That's called multi-drug
resistance. For non-typhoidal Salmonella, 8% and 100,000 illnesses per year.
Salmonella Typhi and Shigella are listed below; lower numbers, but still quite
a substantial health burden.

So CDC has identified four core actions that are needed to
prevent the further spread of resistance and they include: first, preventing
the infections in the first place and preventing the spread of disease; second,
tracking the size of the problems so that we know where to put our resources
to control it; third, improving antibiotic prescribing and use -- this is also
known as stewardship, and it applies equally to human use of antibiotics and
to animal use of antibiotics; and, fourth, developing new drugs and diagnostic
tests. NARMS is focused on the tracking -- Number 2. But NARMS data and
NARMS isolates and NARMS research play an important contribution to 1, 3,
and 4 as well.

So I'm going to spend most of the rest of my time talking about
tracking antibiotic resistance in these enteric infections at CDC. Back in the

1970s, the information that we had came from some episodic surveys of
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Salmonella and Shigella, where a group of isolates were collected and tested
for antibiotic resistance. Rates of resistance were lower at that time. In the
1980s, we had some outbreaks of resistant infections that gave some more
information about the development of the spread of resistance. But then in
1996, NARMS was launched, and this is really when the lights came on, on our
ability to see this problem and to track it and to understand, in detail, what
was happening.

So you'll hear more about the specific methods for this later in
the day, but NARMS includes ongoing surveillance. We have had human
strains from all 50 states since 2003. And the retail food isolates and food
animal isolates that you've heard about earlier this morning, these are tested
against standard panels of antimicrobial agents that are updated to keep
pace with emerging threats and use state-of-the-art methods that are
harmonized across all the arms of NARMS.

And so with that information, we're able to see the problem
with a degree of clarity that was impossible before NARMS existed. This is a
slide that shows the history, the story, of ciprofloxacin resistances in
Campylobacter from humans and chicken in the United States. And it's a
complicated slide, but | want to walk you through it in sort of three steps.

So, first, there's the focus in this area. So ciprofloxacin was
approved for use in humans in the 1980s, and soon thereafter, a pilot study

was done of human isolates of Campylobacter to look for resistance, and
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there was 0% resistance. Some years later, mid-1990s, four quinolones were
approved for use in poultry. Ciprofloxacin is a fluoroquinolone antibiotic.

And as Dr. McDermott said, in part because of this approval --
or in large part because of this approval, NARMS was launched actually to see
whether a problem emerged. And when CDC first began testing human
isolates as part of NARMS in 1997, it was stunning to see that resistance was
already about 15%. And what we saw over the next several years was that
the resistance, in general, just continued to increase. In the early 2000s, FDA
took action to withdraw the approval of quinolones for poultry, and from
about 2007 on we've seen that the increase has stopped. This has more or
less flattened off.

Now, you might have hoped and we did hope that we would
actually see a decrease. But it turns out that once Campylobacter has
acquired the ability to resist ciprofloxacin, it's pretty happy, it doesn't cost
the bacterium very much to keep that ability. And so it hasn't gone down to
the extent that we might have hoped. But this isn't entirely a bad news story
because, as you look in Europe where similar testing has been done, the rates
of ciprofloxacin resistance in Campylobacter in many countries there are
upwards of 60%, even 90%. So we may have actually prevented a much
worse situation from happening by tracking this problem and taking action to
try to limit it.

Before | go on to the next problem, I'll just point out that FDA
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has tracked cipro resistance in isolates from retail chicken and saw for a long
time an increase there as well. Just in recent years there's maybe some hope
that this is starting to go down, so we'll be tracking that carefully.

The next story | wanted to tell you about is about resistance in
non-typhoidal Salmonella. And here we're looking at resistance to
ceftriaxone, which is a third-generation cephalosporin, and nalidixic acid,
which is a quinolone of the same class as ciprofloxacin. So, again, the two
drugs that are used most commonly to treat serious human infections.

Again, this is a slide with good news and bad news, the bad
news being that, back in the mid-1990s, there was essentially no resistance to
either of these agents and both of them have emerged and have persisted,
but thankfully, they've persisted at fairly low levels, about 2% to 3%. And so
this is a particular bug-drug combination that we track very closely every
year. In 2012 FDA prohibited certain off-label cephalosporin uses in major
food animals, and we will be eager to see the impact that this has. There's
hope that it will actually decrease the ceftriaxone resistance substantially.

This slide shows resistance to ceftiofur in Salmonella
Heidelberg from Canada. Salmonella Heidelberg is a serotype of Salmonella
that tends to have high rates of resistance to ceftriaxone. And ceftiofur is an
antibiotic that's very similar to ceftriaxone. When the use of ceftiofur for
injection of eggs was withdrawn, you see that the resistance to ceftriaxone

plummeted.
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The last story that I'm going to mention is about Salmonella
Heidelberg. And | just told you that ceftriaxone resistance varies quite a lot
between different Salmonella serotypes. Heidelberg is a serotype that has
tended to have a lot of ceftriaxone resistance. It's a serotype that's
associated with poultry. It's been in the news in the past year, associated
with a large outbreak -- as the cause of a large outbreak associated with
chicken.

And what we see in NARMS, looking at the human data, which
is shown here in the yellow bars, is that the percent resistance, the percent of
isolates with resistance to ceftriaxone has been around 20% over the last
several years. One year it was lower, but in general around 20%. And
ceftriaxone-resistant isolates have been isolated from ground turkey, here in
the blue; from chickens, here in the red. Don't pay too much attention to this
zero here in the green. This gets to the point that Dr. McDermott was making
earlier about the small number of isolates that are available from the retail
foods and the difficulty that that poses in digging deeply into trends.

So I've been talking about our routine surveillance in NARMS.
NARMS at CDC has also had an initiative to improve the availability of
antibiotic resistance data in outbreaks. Since 2012 we've been testing more
outbreak isolates, and we've been testing them faster, and our goal is to aim
for real-time testing and reporting. And this has a number of benefits.

First of all, for multi-state outbreaks where CDC coordinates
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the investigation, it helps with the prioritization of which clusters -- there are
many that are being followed at any given time -- the prioritization of those
that do have resistant infections, because those, we know, may be more
severe. Looking at the resistance patterns can also give the investigators
important clues about what food might be causing the outbreak, which can
help solve the outbreak faster and stop it more quickly.

We're also trying to get isolates as quickly as possible from the
single-state or local outbreaks and conducting active outreach to states to get
those in as quickly as possible and to test them as quickly as possible.

And then we're linking the NARMS surveillance data, the
resistance data to the outbreak surveillance data so that we can see which
resistance patterns are going with which foods for food source attribution.

We're also reporting NARMS data with our outbreak web
postings for all multi-state outbreaks that are posted by CDC. So this data is
being made available to the public as soon as it's available.

So, just to sum up, CDC is addressing the challenge of resistant
foodborne infections by promoting prevention both of resistant infections
and of all infections -- if you prevent all Salmonella infections, you'll prevent
resistant infections as well, by tracking resistance -- and the antibiotic
resistance initiative that Dr. Solomon mentioned includes, as an important
point, increasing the testing of Salmonella in NARMS from every 20th isolate

to every isolate so that we would know, as soon as an outbreak is detected,
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whether it's a resistant outbreak and also so that we would have much more
ability to look into the details of resistance patterns in different parts of the
country and different subgroups of the population, making that information
more available faster, refining estimates of the health impact of resistance --
you'll hear talks about these later today and tomorrow -- using real-time
resistance data in outbreak investigations, as I've been talking about, and
then refining our knowledge of the sources of resistance and the mechanisms
of resistance so that we can understand how better to control it.

So thank you for listening. I'd be happy to try to answer any
questions.

(Applause.)

DR. SCOTT: Morgan Scott, Texas A&M University.

This actually is a question also for Dr. Solomon. | believe he
had a slide that showed much higher prevalence of resistance or partial
resistance to the quinolone, the fluoroquinolones, in Salmonella. | was quite
shocked by it. I'm asking, did he include the Typhi and the Paratyphi in that
graph? Because yours show much lower levels. And, again, for some of us
who are cautiously optimistic that levels of quinolone resistance in animal
agriculture or animal agriculture-attributed Salmonella has stayed low, | was
kind of shocked by his graph.

DR. MAHON: | think his graph actually just had a typo on it.

That was actually Typhi resistant, Salmonella Typhi only. So the quinolone --
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the resistance data that | showed were for the non-typhoidal Salmonella.
And so yeah, | would be very alarmed also if it was those levels for non-
typhoidal Salmonella, but thankfully they're not.

MR. ROACH: This is Steve Roach with Food Animal Concerns
Trust.

This is more just a comment. You stated that there were four
enteric pathogens that were on the list, but clearly E. coli is an enteric
organism that causes disease when it escapes a gut. And sometimes itis an
enteric pathogen. And Clostridium is another one that are enteric. And |
bring this up primarily because we don't generally think of these as
foodborne pathogens, but there is growing evidence that there can be food
animal sources of these and that they all could potentially be transmitted for
food.

And | think, as we get more of the whole genome sequencing
and more information about -- we kind of say anything we find on animals is a
commensal E. coli unless it's causing them a toxigenic one. And really we
don't know whether it's commensal or it's a potential pathogenic one. And
particularly when we think of your -- | was looking at the threat report. It
kind of ignores six to eight million E. coli urinary tract infections, many of
which are also resistant.

So | think | would encourage you to kind of think beyond

Salmonella and Campylobacter as the bugs that we're not primarily

Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947



118

concerned about from foodborne sources.

Thank you.

DR. MAHON: Yeah, it's an excellent comment. We're also very
concerned about urinary tract infections and the role of food sources in
resistant urinary tract infections. It's something that has not fallen into the
bucket of NARMS, but we very much would like to -- both ourselves and for
others to be working on improving our knowledge of the full burden, which
would definitely include syndromes and pathogens beyond what I've
discussed.

Okay, thank you.

(Applause.)

DR. ESTEBAN: So good morning. It's still a good morning.

I'd like to introduce our next speaker, Dr. Hill. He's a Scientific
Advisor for the Food Safety Inspection Service laboratory services. In part of
that, he was the Lab Director for the Eastern Laboratory in Athens, Georgia,
and he did that for 13 years before we captured him, a scientific advisor. Joe
received his doctor of veterinary medicine degree and Ph.D. in veterinary
pathology at the University of Georgia College of Veterinary Medicine, and
he's board certified by the American College of Veterinary Pathology.

Joe.

DR. HILL: Thank you.

Okay, I'm going to talk to you a little bit about how USDA uses
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NARMS data, but I'm going to give it to you from the FSIS perspective or at
least with an FSIS slant to it. So, if I'm going to give it to you with an FSIS
slant, obviously I'm going to tell you a little bit about FSIS and some of the
work that we're doing.

But, again, FSIS is responsible for meat, poultry, and processed
egg products, making sure they're safe, wholesome, and correctly labeled.
And FSIS has approximately 10,000 personnel and 7,500 of those are actually
out in the field. They're either working in the plants or they're working in the
laboratories. And FSIS oversees or regulates approximately 100 billion
pounds of meat, poultry, and processed egg product production every year,
and processing.

Let me give to you a little bit about our org structure. There
are couple of departments within FSIS that are most aligned with NARMS, and
that would be our Office of Field Operations, where we not only have our
recall management staff, but then that's also where the inspectors and
veterinarians are that collect our samples that are sent to the labs that we do
our testing, and this data that we generate is used by NARMS. And then the
other one would be the Office of Public Health Science, and that's where our
scientists and headquarters are involved with outbreaks and epidemiology,
but then the labs also fall under the Office of Public Health Science.

And FSIS began their participation in NARMS back in 1997.

And, initially, all we did was isolate the samples and then we walked them
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upstairs or shipped them across the U.S. from one of our other labs, and we
shared them with our ARS partners in the BEAR group right in the Russell
Research Center. And these isolates came from our HACCP verification
samples. And then Paula Cray's group did the rest of the further
characterization of those.

But then, as Pat mentioned, back in March of last year, 2013,
we actually started collaborating with FDA to isolate pathogens and
commensals from cecal content. And the first year, what we would do is we
would isolate the organism, we would extract the organisms, and we would
ship those to FDA NARMS, and they would do the further characterization.
But then, starting this past January, we not only extract the organisms in our
laboratory, but then we also do the further characterization of those. And
then, as | mentioned again, now all of these isolates are further characterized
in our Eastern Lab in Athens, Georgia, and we do -- for Salmonella we do
molecular serotyping, we do the PFGE, and we do the antimicrobial
susceptibility testing.

Another thing that we've started to get involved in, you know,
right now, for all of the FSIS-related animal ARMS analyses, those are
performed by our Eastern Laboratory. And we get this data real time. So,
within a week, 10 days of isolating a Salmonella or a Campy from a HACCP
sample, we will know the PFGE, we'll obviously know the molecular

serotyping, and we'll know the antimicrobial susceptibility pattern for that
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particular isolate. And these isolates are stored in our data warehouse for
Salmonella. We upload those to PulseNet, and then we share this
information with FDA NARMS through the NARMS-integrated database.

Another thing that we've started doing is that, in the past,
when ARS did our further characterization of isolates, that data was stored in
VetNet. So we actually have copies of the VetNet database that apply to our
particular isolates, and we've started to review that data and then upload it
into PulseNet. And we started with the 2013 isolates and we'll work back for
many years.

We're starting to develop whole genome sequencing
capabilities in our laboratory, and we're collaborating with FDA and CDC and
ARS as far as proficiencies, certain projects, getting those off the ground with
Listeria and Salmonella and Campy. And then our initial focus, which will
probably be within our laboratory, is doing whole genome sequencing on
outbreak samples and samples that come about for for-cause testing.

So how does USDA use NARMS data? We're just like all the
other public health partners out there. We want information. We want
scientifically sound understanding of all the contributors to antimicrobial
resistance in various production settings. And we want to find out all about
the use of antibiotics and how does the selection for antimicrobial resistance
occur.

But the reason we want to do that is so we can take this
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understanding, we can take this basic science, and then we can apply it to the
different environments that we work in, whether it's on the farm changing
processes, changing interventions either on the farm or after the farm. You
know, once it gets to the establishment where the meat is -- where the
slaughter takes place and the processing, we want that information so we can
apply it and try to curb antimicrobial resistance and then prolong antibiotic
effectiveness.

So how does APHIS use NARMS data? Now, these are just a
couple of highlights of how APHIS uses NARMS data because they do much
more than this. But, you know, in the past, APHIS has done a lot of on-farm
testing for their NARMS national commodity studies. So they want to take
the general NARMS data and compare it to what they're seeing on a farm and
see how that compares. Is there a difference? If there is a difference, why is
there a difference?

And then, going back to that point that | mentioned earlier, you
know, information just for knowledge alone, it does us no good. APHIS is
interested in finding out processes, finding out the information, so they can
maybe go back to the farm and change the way management practices are
done, the way animals are fed, the way antibiotics are used, and then actually
applying that to the farm.

And I'll tell you a little bit now about how ARS uses NARMS

data. First of all, they use it to support the direction of their in-house
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research projects. And then this data also provides information that their
scientists can use to supplement publications. It provides them information
and ideas of AMR, or antimicrobial resistance, phenotypes that they maybe
want to do more research on, such as ESBLs or fluoroquinolone-resistant
organisms. And then it also provides them baseline data, so if they do future
on-farm projects.

The other thing that it does is, because with NARMS it's all
about collaboration, is that ARS can use this information to work with their
partners in the FDA, FSIS, or APHIS, to help generate policy decisions, process
changes, and different things like that. And then ARS also has customers and
commodity groups and industry groups that they would like to provide this
information to.

Okay. So how does FSIS use NARMS data? Well, first of all,
when we collect the sample, we know the animal class that it came from and
we know the species. We know the geographical location. We know the date
that we typed it and that we collected that sample. Now, within a week or so
after arriving at the laboratory and us isolating an organism of interest, we
know the serotype, the PFGE, and the AST for that particular isolate. And
we're using this in real time. We're using it for outbreaks, and we're using it
for intensified testing, for-cause testing. It's very valuable information to us,
not only looking at trends over time, but in a real-time situation.

And then just like ARS wants to and APHIS wants to
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communicate back to their customers or their clients, FSIS wants to do the
same thing. We haven't started yet, but before the end of the year we will
start putting reports on not only PFGE and the most common serotype of
Salmonella that we isolated from certain products over a year, but we'll also
start putting AST information out there on our website and then sharing this
information specifically with an establishment that this isolate came from so
maybe they can go in and do some process changes.

The other way that we use NARMS data -- and, again, this is
going back to the real-time fashion that we use it -- is in outbreaks where we
assess strain relatedness or identify the source of a strain. We use AST data
for hypothesis generation during outbreak investigations, and we work with
our partners.

And this whole genome sequencing is going to be, I'm thinking,
very valuable to us because, again, we're interested in the basic science of
whole genome sequencing and of antimicrobial resistance in general. Why do
we want to do it? So we can disseminate timely information on antimicrobial
resistance, not just to the NARMS-integrated database, but to the folks that
regulate and to the general public through our website. And then, you know,
we want to be able to evaluate data to understand emergence, persistence,
and spread of antimicrobial resistance.

A couple of examples. You know, we're dealing with a
Salmonella Heidelberg right now. Where did that one come from? | mean,
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you know, why all of a sudden did this one crop up, and what makes it so
special? This is a real learning opportunity to take that organism and break it
apart and find out where it came from, why it could live through the chemical
interventions that take place at the plant. Why is it so virulent? Why is it
resistant to many serotypes or patterns of it are so resistant to antibiotics?

We had the same thing with other Salmonellas in the past, and
we made changes. And sometimes those went away or at least the
prevalence went down. You know, like Newport. Newport and cattle was a
problem a while back. Did the processes that we put in place, did the policy
changes, was that what made it go away or did the organism change?

Everybody knows this, but antimicrobial resistance is a serious
health threat to both animals and humans. And again --

(Alarm.)

DR. HILL: I set the alarm off.

But it's a challenge that requires a One Health approach. And
while USDA and FSIS is not the lead agency with respect to regulating
antimicrobial drug use, it's a part of the solution, and it's up to us to help
address this challenge, too. And FSIS has collaborated with other USDA
agencies to develop an action plan that's comprehensive. It takes on an
integrated approach for future surveillance, research, development, and
education and outreach.

One of the things that USDA did is, back in 2012, they
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sponsored a USDA antibiotic resistance workshop, and there were many
agencies there, FDA, CDC, NIH, many employees from throughout USDA.
Stakeholder groups were there. And the objectives -- you've seen these
earlier today, but to review current antibiotic use and resistance monitoring;
to review management practices; to review alternatives to the use of
antibiotics. And then the stakeholders actually identified three categories of
data deficits, and that was how are antibiotics -- how do you really find out
how antibiotics are used on the farm and then come up with resistance
measures? They wanted to know about ecologic assessments. And then they
also wanted to know about the economic impact assessments, because taking
drugs away does have some economic impacts.

So some data gaps that FSIS is interested in right now -- and
we're looking into it -- is what makes -- is there a difference between a pan-
susceptible Salmonella and a multi-drug resistant Salmonella? We know
there is, but is one more susceptible to thermal inactivation? What's the
difference in the infectious dose required to cause disease? Are there other
risk factors associated with pre- and post-harvest management strategies
that causes the MDR one to survive and surpass the pan-susceptible one?
What are some pre-harvest and post-harvest intervention strategies?

So FSIS has research priorities, and we have a huge list of
research wants and needs, and we work with our ARS sister agency and we go

through this. And they're always great to collaborate with. They're willing to
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do the research that we need done. And then this research, this list of
research that we need, it goes through a vetting process. FSIS prioritizes it,
and it goes through our governance process. And then once we have the top
20 or top 100, or whatever it is, research needs, then we communicate that.
We not only communicate it to ARS, but we put that list on our website, our
webpage, so folks in academia and other places can see the type of research
that we're interested in.

And now I'll touch just a little bit on some of the ongoing work
and collaboration. We've requested ARS to look at the susceptibility of a
couple of outbreak-associated strains -- Heidelberg, obviously, and Hadar -- in
some poultry products and how they respond to heat, pressure, and acid.
And then another collaboration that we'll start within the next year -- again,
this will be with ARS, and they will be using a lot of our Salmonella isolates --
is they will be looking at chemical interventions and how does that alter the
organism. Does it select for more virulent Salmonella or Campy? Does it
select for organisms that are more likely to be multi-drug resistant?

And then NARMS partners are conducting all types of research,
you know, epidemiological, microbiological research studies. Some of them
look at risk factors, clinical outcomes, subsets of bacteria that have specific
resistance patterns. And, again, we're interested in the basic science of this.

And another thing that we're interested in, because we're

doing a lot of the actual testing now, is we collaborate with our partners to
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come up with new methods for isolation and typing of organisms. And then,
obviously, we use NARMS data for outbreak investigations, such as a couple
of high-profile ones, such as the Heidelberg and the Hadar investigations.

And then the last point I'll make is a current interest that we
have. We found that we're seeing more ceftiofur in our National Residue
Program samples for the last year or year and a half. So | know that ceftiofur
resistance had actually been dropping over the years, | think, in most species
other than swine. So now would be good to go back and look and see if we
see a parallel increase in ceftiofur resistance if we keep seeing these ceftiofur
residues. What we would really like to do is set up a program where we could
take the same animal as it arrives at slaughter and we would not only test for
residues, but we would also isolate for pathogens and then do the
antimicrobial susceptibility testing on that particular animal or that flock that
came through.

And then the other thing that we would -- that's a current
interest to us is to evaluate changes to organisms along various steps in
processing, because a few weeks ago we heard some of the preliminary
results from on-farm testing, and sometimes what you would hear these
researchers talk about is, if you look at an organism on the farm, it's here. If
you look at it in lairage or right after it gets off the truck, you know, it's
changed here. If we do a carcass swab, then what we find is the data might

be here. But if we go to the poultry parts or pork parts in final packaging, the
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data that we're coming up with might be different from what we saw way
back on the farm.

Thank you for your attention, and I'll be glad to answer any
questions.

(Applause.)

MS. SMITH DeWAAL: Good morning.

DR. HILL: Good morning.

MS. SMITH DeWAAL: Caroline Smith DeWaal with the Center
for Science in the Public Interest.

Dr. Hill, | remember the day | spent with you down at Athens
while you showed me the labs, and Paula Cray showed me the ABR resistance
sampling method they were using. So really, really informative. So | hate to
ask you a hard question.

DR. HILL: Oh, I'll make Emilio answer it.

(Laughter.)

MS. SMITH DeWAAL: Excellent, excellent. Always good when
you have backup.

So the issue -- and it's really a broader question and it's kind of
following the morning of discussions -- is while NARMS may be doing really
great work, the reality is we have seen some very large outbreaks linked to
ABR pathogens, Salmonella Heidelberg being the best example most recently.

But these are outbreaks that are entirely predictable at this point. We know
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they're going to happen again. And I'd very much like to know what you at
FSIS are doing. You mentioned you're working with APHIS and ARS, which is
terrific. What are you learning that's telling you, from these examples of
outbreaks, what we need to do differently?

And | don't mean to put you on the spot, because really CDC
and Emilio and others could probably weigh in as well. But thank you, Dr, Hill.

DR. HILL: Thank you. Well, you know, again | go back to the
great collaboration that we've had. But | think, in the past, FSIS has been
more -- and again, this is from Joe Hill's perspective because | know, in
headquarters, that we've had scientists that have been very, very much
involved in NARMS and know much more than | do, since I've only been
working with NARMS for about a year or a year and a half. So | think we're
still learning, | really do.

And, again, this is Joe Hill's perspective, but maybe for years we
were looking for trends and maybe making small changes and then looking at
trends again to see if it had an impact, rather than a holistic approach of this
is the big problem and we need to -- you can't trend on real-time data, but
having real-time data to be able to look at it, | think, is going to be a big help.
And if we had this real-time data that's shared with a broad audience, | mean,
there's going to be people that are a lot smarter than Joe Hill or Emilio to
make decisions. So maybe that's the answer. But for folks that have been

involved with NARMS longer than me, I'll be glad to -- I'm sure they can
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answer better.

DR. ESTEBAN: If | can add something to Joe's statement. For
many years since we started working on this in 1996, we made significant
progress in all pathogens, Salmonella included. But it's only recently, the last
few years, that we've hit this flat line with Salmonella, but we just can't seem
to move it down.

FSIS last year announced a big change in -- another initiative
where we are addressing specifically some of Salmonella in all of our
slaughter classes, that together with our taking over, if you will, the analysis
of the isolates to do it real time, those two things. And the third thing that
we've done recently is the poultry slaughter rule that will allow us to do more
at the plant to improve the quality of the product coming out of the
establishment.

So | think these three things -- and as Joe said, we're still
learning. But if we continue to move along these three things, you will see an
effect real soon. Just what effect, | don't know. But all of this effort has to
pay off somehow on the other side.

DR. MAHON: Barbara Mahon.

Just a few thoughts from the CDC point of view. There are two
things I'd like to tell you about. So one is that the initiative that Dr. Solomon
and | have both talked about, to test all Salmonella in real time so that we

know, as soon as an outbreak is detected, whether it's resistant or not, that
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also allows us to get to the people who have those Salmonella infections and
find out what they've eaten, what they've been exposed to, what they've
done, what they've petted, what sort of animals they've been in contact with,
when their memory is still fresh.

We know from a long history of investigating outbreaks and
tracking foodborne infections that solving outbreaks is the best way to find
out what sources are actually making people sick. When people have an
illness that isn't part of an outbreak, they could have gotten it from anywhere
and there's really no way to figure that out. But when an outbreak occurs, it
offers the chance to see what did a group of people have in common and to
actually pinpoint the source. And then we can learn about what went wrong,
how those people got sick. You know, if it was meat, how -- you know, where
the meat came from, how it was processed, how it was developed, and so
forth.

So | think that the initiative to test all Salmonella in real time
offers a huge promise for decreasing not only resistant outbreaks but actually
all resistant infections. And if you go to Dr. Solomon's website, there's
actually a target of decreasing multi-drug resistant Salmonella by 25% by
2020. And | think that this is a really realistic way of going about that.

The other thing I'd like to just --

(Off microphone comment.)

DR. MAHON: I'll come back to you.
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The other thing | just want to mention is -- and Dr. Tauxe has
been involved in many of these discussions over the last year -- several
months -- with producers, poultry producers, for instance -- | think that there
are changes coming from within the industry as a result of their seeing these
outbreaks, understanding that antibiotic resistance is something that people
are paying a lot of attention to now and that | think they want to pay more
attention to it. | think that it may be that the people that they're selling to
want them to pay more attention to it. | think that can also drive change.

MS. SMITH DeWAAL: Yeah. And thank you very much to the
three of you for responding. My real question is really going to root cause. If
you look at this from a consumer perspective, we may have a lot of really
good research data, but we may also be losing the war. | mean, we have a
really good example of an outbreak that's current. And you mentioned,

Dr. Hill, the collaboration and discussions with APHIS.

What's our root cause analysis? Do you have it yet? Is it
coming? Why in that particular outbreak did we have so much resistant
Salmonella, different resistance profiles, when the company claims it's not
really using any?

DR. TAUXE: I'm happy to comment just in a general way. This
is Rob Tauxe.

The two recent, rather agonizing and prolonged outbreaks
associated with Foster Farms, | think, illustrate why | feel some cautious
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optimism. The first one was two years ago, and it was in the Northwest. It
was associated with one particular processing plant, the one that we just
finally decided was likely to be over a week ago. That lasted longer than a
year and was with their three main California plants. And in both cases the
particular patterns that were involved, some were resistant. In the most
recent one there were seven different patterns, and virtually all of them had
a degree of resistance that was sometimes present. But those patterns were
internally present. They were on the parts, they were in the factory, and they
were very clearly coming in from the live animals.

And the fact is that working with FSIS and really a prolonged
effort on the part of the company brought the counts down both on the
chicken and in the people, to the point that those patterns are now very rare.
The one in the Northwest is gone. It hasn't occurred in Washington State this
year. And the ones on the West Coast from the more recent outbreak are
now very low, they're very low as a result of changes in in-plant production.
They're focusing on cleaning up the parts and changes on the live side that |
think are still going on, and there's more to be done and there's more to be
learned.

So the new policy of when an antimicrobial-resistant strain
comes out of a meat sample or a cecal sample, letting the company know
immediately you've got a problem is perhaps, to me, the most dramatic

change of all because the context in which that will be received should be one
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of great energy and interest and concern.

UNIDENTIFIED SPEAKER: Yeah. Actually my question sort of
goes back to this root cause problem because -- you know, at least from
talking to some people at FSIS, there is some understanding that potentially
the root cause of some of these strains, both the Hadar in the turkey and the
Heidelberg, probably came from primary breeders at least somewhere further
up the chain. And we don't really have very good surveillance systems, at
least in terms of the companies maybe doing some sampling. But | think
that's a part of the problem that we're probably missing.

And, again, talking to the people | spoke to at FSIS, it's also
beyond any authority of anyone that we really don't have -- APHIS has animal
health authorities. FSIS has food safety authorities. But we really don't have
anyone that has authorities to say to the breeders, something you're doing
there is causing a food safety problem down the line.

But | would just think, you know, how can we actually -- and |
think there's a lot of antibiotic use on that, as opposed to some of the -- you
can raise a broiler chicken or a meat chicken in a house for the 42 days pretty
easily without antibiotics. But the ones that you have to be breeding, that's
actually probably where we're using more antibiotic use in the poultry region
as well. And, also, there is some evidence that that is actually where your
source point -- at least one of them -- and then it goes through the whole

system and that's why you have these really big outbreaks that last for a long
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time, because they're going from the breeders to a bunch of houses and then
it's hard to clean it up.

So it's a comment, but it is also kind of a question. How do we
address that problem?

DR. HILL: Yeah, it's very pertinent because | know -- you know,
we have the National Poultry Improvement Plan, and that was started many,
many years ago to control Pullorum and other serotypes of Salmonella that
were harmful to the birds. But over time it grew, that now | think CDC and
FSIS is really interested in sitting down at the table with the board of NPIP
and saying, are you interested in adding other serotypes of Salmonella, like
Heidelberg, to try to eradicate that and control that at the parent flock?

DR. BASU: This is Pat Basu with FSIS. And I'm going to put my
neck out and then make some comments.

To answer the last question about working together and getting
these things done, we have two documents that you can look at on the
webpage, FSIS' website. We have two MOUs we have finally signed. One is
with CDC and one is with APHIS, and both are for root cause analysis, where
this is a partnership with CDC. We have already trained people to go to a
plant and look at -- finding out the root cause analysis of different outbreaks
that the plant is facing, recalls, et cetera. And we've already put it into effect,
so we have people at the sites and working with us.

With APHIS, we signed MOU and we just finished the training
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for the APHIS people, like Bruce over here. And we haven't implemented it
out in the field yet, but we plan to, and that will be following, like similar for
any outbreaks in the plant where APHIS will go and take over, with being
invited by the producers, to look at helping the producer. And again by
invitation only they will look at it and follow through and try to identify what
the root cause is.

So these are already published on the website, and you can
look it up. And | can answer more questions if you have any.

DR. HILL: Thanks, Pat.

DR. ESTEBAN: Thank you, Pat.

Thank you, Joe.

DR. HILL: Thank you.

(Applause.)

DR. ESTEBAN: I'd like to introduce our next speaker,
Regan Rickert-Hartman. She's an epidemiologist with the National
Antimicrobial Resistance Monitoring System at CDC. Ms. Rickert-Hartman has
served as a coordinator for the NARMS program at CDC since 2007. Her work
focuses on surveillance and epidemiology of antimicrobial resistance among
human enteric infections. More recently she has been nominated to serve as
a member of the World Health Organization's advisory group on integrated
surveillance of antimicrobial resistance.

Regan, it's all yours.
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MS. RICKERT-HARTMAN: Thank you.

So | think I'm the first person, | guess, to say good afternoon to
you. And I'm sure everybody's hungry, so this is a tough spot to be in.

So my talk today is going to focus on how the NARMS program
at CDC conducts surveillance of antibiotic resistance in human enteric
infections. And this is going to be somewhat of an extension off of
Dr. Mahon's presentation that you saw two presentations ago, and also to
help set the stage for Dr. Whichard, who will be presenting right after lunch
on some of the data management that we're currently involved with at CDC.

So, as you already heard this morning, the NARMS program is
an interagency collaboration among CDC, FDA, and USDA, and it's a great
example of agencies working together, leveraging their unique expertise to
protect the public. The three agencies collaborate to track and prevent
antibiotic-resistant intestinal infections, and each one of these agencies
receives and tests isolates for antibiotic resistance.

NARMS at CDC began in 1996 and focuses on testing isolates
from humans. Currently, CDC NARMS partners with 54 state and local health
departments. There are two NARMS teams at CDC that work very closely
together. The first team, on the left, led by Dr. Barbara Mahon, is within the
Enteric Diseases Epidemiology Branch and focuses on data collection and
management, annual report generation, research on the epidemiology of

resistant infections, and trends of resistance. The team on the right, led by
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Dr. Jean Whichard in the Enteric Diseases Laboratory Branch, focuses on
receiving and testing isolates for antibiotic resistance, working closely with
NARMS state partners on the preparation and shipment of isolates to CDC
and research on mechanisms of resistance.

So | think Pat showed this slide previously. This is a slide that
shows the NARMS human isolate sampling and how it expanded over the
years. So we began in 1996 with 14 sites and then we expanded the number
of sites to 17 in 1999 and then to 28 in 2002. Our last expansion was in 2003
when the CDC NARMS program became a nationwide surveillance system that
included all 50 states and four local health departments. Starting in 2003, all
54 NARMS sites were forwarding in samples of isolates they received from
clinical laboratories to CDC NARMS for antibiotic resistance testing.

So what isolates do NARMS sites send to CDC for testing?
You've heard a little bit about this already this morning, and I'll try to go into
a little more detail for you.

This slide lists the pathogens that are being tested, the year
testing began for each pathogen, and the current sampling scheme. You'll
notice that in addition to pathogens commonly transmitted through food, like
Salmonella, E. coli, and Campylobacter, CDC NARMS also tests Shigella and
Typhi, which helps to give a more comprehensive view of the major enteric
bacterial infections that affect humans.

So, for example, CDC NARMS sites are currently sending every
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20th non-typhoidal Salmonella, E. coli 0157:H7, and Shigella that they receive
at their state laboratory, as well as all Salmonella Typhi and Vibrio other than
Vibrio cholerae. NARMS also receives and tests Campylobacter isolates, but
Campylobacter isolates are only submitted to CDC NARMS by the 10 FoodNet
sites.

So just quickly for those of you who are not familiar with
FoodNet, FoodNet is a collaboration among CDC, 10 state and local health
departments, USDA's Food Safety and Inspection Service, and FDA. And
FoodNet conducts active surveillance for laboratory confirmed infections with
nine pathogens transmitted commonly through food. And combining the
total number of isolates from all of these pathogens, on average, CDC NARMS
is testing approximately 5,000 isolates per year.

In addition to the routine surveillance just described, CDC
NARMS also tests isolates from outbreaks, in order to characterize antibiotic-
resistant pathogens isolated from patients in outbreaks. NARMS routinely
tests isolates from outbreaks of Salmonella, Shigella, and E. coli infections. If
isolates are found to be resistant, the outbreak will be prioritized and
enhanced testing may occur.

Also additional resources have allowed for increased testing.
For example, in 2013, NARMS tested over 600 outbreak isolates, which is a
substantial increase since 2004, which was the first year that NARMS began

testing outbreak isolates.
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CDC NARMS has expanded outbreak isolate testing to help
solve and stop more outbreaks, because we know that NARMS can aid
outbreak investigations. First, outbreak isolate testing may help with
hypothesis generation. One great example of this is multi-drug resistant
Salmonella serotype Newport. We have found that multi-drug resistance,
when seen in this particular Salmonella serotype, is commonly associated
with cattle, and associations like this may help the outbreak response group
at CDC determine the source of an outbreak more quickly. The good news is
that in the early 2000s, changes in dairy farm practices slowed the spread of
MDR Salmonella Newport.

Also we can determine the difference between foods causing
resistant infections versus foods causing susceptible infections. And you'll
have the opportunity to see a presentation on this analysis during tomorrow's
epidemiology session.

NARMS outbreak testing results are also now routinely included
in CDC outbreak website postings. The postings include information about
the total number of outbreak isolates tested by NARMS, the drugs that the
isolates are resistant to, and additional details about the clinical relevance of
the resistance patterns.

The antibiotics that are used for NARMS testing differ
depending on the bacterium. There's a standard panel for each bacterium

that consists of several agents -- excuse me -- that consist of agents from
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several Clinical and Laboratory Standards Institute, or what we refer to as
CLSI, classes.

For example, in the column on the far left of the table there's a
list of seven classes of drugs tested for Campylobacter. The next column
displays the antibiotics that fall under each one of those classes. And the four
columns to the right show the interpretation and is displayed as susceptible,
intermediate, or resistant. Most NARMS testing is done by broth
microdilution, which is the gold standard for antibiotic resistance testing,
because it gives the most accurate, reliable, and consistent results.

So this figure shows the distribution of MICs, and it's a visual
aid for the interpretation of MIC values. The MIC values are listed on the
bottom, and the three categories used to interpret MICs are shaded in color.
Green indicates the susceptible range, the orange area displays decreased
susceptibility or what we refer to as intermediate, and the red, resistant.

So, for example, the isolate shown here was tested and found
to have an MIC of eight, which falls in the susceptible range. However, we
see that it is different from most of the other isolates that were tested; 95.9%
of the isolates were shown to have "susceptible" at a lower MIC. Although
the majority of the isolates fall into the susceptible category, looking at the
data in this format helps us to see potential shifts in the MIC distribution, and
this is one way that the NARMS program can monitor emerging resistance.

This slide -- excuse me. When you pool all of the NARMS
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surveillance and testing activities into a timeline, what you will find is that the
isolate submissions are ongoing and that the states are sending isolates,
along with epidemiologic data that accompany those isolates, to NARMS on a
qguarterly basis. Also the isolate submission deadline is in early April of the
subsequent year. So, for example, all 2013 isolates were due to NARMS by
April of 2014. This allows most testing to be complete by the fall of the
subsequent year, at which time analysis and report generation begins. The
analysis and report generation takes approximately four months and
currently we are testing up all -- finishing up testing for all 2013 isolates and
plan to start report generation for our 2013 report this fall. So you can
expect to see our 2013 report published and available by early next year.

This slide shows the cover of the CDC NARMS 2012 annual
report that was published earlier this year, which includes over 100 pages and
more than 50 tables of data. It is a detailed technical report that includes
sections called "What is New" and also a "Highlights" section as well as a two-
page summary.

The two-page summary is meant for audiences such as the
general public or possibly policymakers, since the summary is short and
focuses on findings related to medically important resistance. The report
includes all of the pathogens tested as part of the CDC NARMS program and
the resistance results for individual antibiotics as well as combinations of

drugs or what we refer to as multi-drug resistant, or MDR.

Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947



144

For audiences such as researchers and academia, we include
annual resistance percentages for the past 10 years and a trend analysis that
compares the current surveillance year to a five-year baseline. So, as you can
see, we have developed this report to serve multiple audiences.

Here is an example of the figure you will see in the CDC NARMS
annual report. And this is an important figure, so I'd like to take some time
reviewing it with you.

The figure shows changes in resistance in the current
surveillance year, which in this example is 2012, to the average percentage of
resistance during the first years that CDC NARMS conducted nationwide
surveillance, which was 2003 to 2007. There are different pathogens listed
below and medically important drugs or combinations of drugs for those
pathogens.

So, for example, here is non-typhoidal Salmonella, and listed
below are important drugs and combinations of drugs that we are paying
close attention to. The vertical lines above each one show whether there has
been a significant change in the current surveillance year compared to what
we have seen in the past. If a vertical line crosses over the horizontal line,
there has been no significant change. However, if the vertical line is
completely above or completely below the horizontal line, this indicates that
there has been a significant change.

So for the 2012 report, you will see that a significant increase
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has been detected in four pathogen-drug combinations and also a decrease
has occurred in three others. And all of the methods and results for this
figure are described in the Highlights section of our annual report.

Another type of figure that you will see in the annual report
looks like this. This example shows a summary of resistance for Salmonella
serotype Heidelberg. You will see that all of the antibiotics tested for
Salmonella are listed on the left and the proportion of isolates found to be
resistant to each drug in blue. The light gray is indicative of the proportion of
susceptible isolates, and if there are any that fall into the intermediate
category, that will be shown in dark gray.

And one thing that we have found that's been extremely
beneficial at CDC is working with our communications staff. They help us to
publish a short list of key findings along with the annual report. This way,
NARMS stakeholders can easily and quickly identify areas of concern as well
as trends that we would describe as moving in the right direction. If you go
to our website and click on our annual report, you will see this box under
what we call "Key Trends." From here you can click on any of these to see
additional details.

So, for example, if you click on the arrow next to "Right
Direction," a pane opens that will give you additional details on resistance
that is decreasing. One of the examples of this is that multi-drug resistance

among Salmonella has declined over the past 10 years from 12% to 9%. This
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information is derived from a figure in our annual report that | described to
you previously, shown here on the right, where the two vertical lines for
multi-drug resistance among Salmonella completely fall below the horizontal
line, depicting a decrease in resistance.

Some areas of concern include resistance to ciprofloxacin.
You've heard this a little bit this morning and saw a slide on it. Dr. Mahon
showed this. It's remained at about 25%. We've seen this resistance
hovering between 20% and 25%, even though in 2005 the FDA withdrew the
use of these drugs in poultry. The good news here, however, is that the
resistance is not continuing to increase like it was prior to the withdrawal.
We know that once resistance appears, it can persist even without further
antibiotic exposure. NARMS played an essential role in this success by
tracking the problem, helping to point to sources, and showing the impact of
actions taken to control it.

Also we are concerned about ciprofloxacin and azithromycin
resistance among Shigella, because both of these drugs are important for the
treatment of severe infections.

Lastly, Salmonella Heidelberg infections displaying resistance to
a medically important drug, ceftriaxone, is of concern, especially given that
this Salmonella serotype has been linked to recent outbreaks associated with
poultry.

Another key trend in 2012 that falls under what we would say is
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disturbing news is that quinolone resistance among Salmonella Typhi
increased to 68%, which raises a concern that ciprofloxacin, a drug commonly
used to treat typhoid fever, may not be as effective. This is a good example
of an increase in resistance from sources outside of food animals, because
Salmonella Typhi was only in humans.

NARMS data is also available to the public in the form of
interactive graphs which allow the user the ability to visualize resistance
percentages by year to the pathogens tested as part of CDC NARMS. Users
can select the pathogen they are interested in seeing and the antibiotic that
they would like to view. The data displays are available for everyone and can
be found on the NARMS website. And I'll also share an example with you
here.

So, if you all go onto the website, you will see a "Spotlight"
section where the AR threats report that was mentioned several times
already this morning can be found. Also our NARMS 2012 annual report can
be found under the highlight section, and these interactive data displays.

So, if you click on the "interactive graphs," the first thing that
you will see is a list of the six pathogens that CDC NARMS tests. You have the
ability to choose any of the pathogens that you would like to view.

So, in this first example, "Non-typhoidal Salmonella" has been
chosen. For non-typhoidal Salmonella, the user can choose "Overall" to view

all serotypes or can view a few of the most commonly -- most common
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serotypes individually. Excuse me. In this example, the "Overall" view has
been selected. Also, on the far left, the user can choose the antibiotic class
and the particular antibiotic within that class that they are interested in
seeing. This particular graph shows ceftriaxone resistance among all
non-typhoidal Salmonella tested from 1996 to 2012. Also included on this
graph are the upper and lower confidence limits, indicated by the blue lines,
and the total number of isolates tested by year at the bottom of the screen.

| also would just like to mention that the increase that you see
there in the early 2000s was due to MDR Newport, which a couple people
have talked about this morning, and also the small increase in 2009 was
driven by serotype Heidelberg.

So some of the enhancements that have been implemented to
the CDC NARMS surveillance over the past few years include a web-based
surveillance system. And you'll get to see that after lunch. The first talk after
lunch will go through that surveillance system for you. It was launched in
2012.

And with the new systems, the NARMS partners at the state
and local level have been able to submit isolate details to CDC electronically.
And this is a huge improvement over the way that we did it for the first 15
years, which was paper-based. They used to handwrite in paper log sheets
submitted to us by mail. Then we would type everything in for them, have to

go back and verify that what we typed was correct, and it took a long time to
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get the isolates in and document all the details and then verify everything.
This way the states can now just enter all of the information for the isolates
to us electronically on their end and then they print out a paper log sheet
from what they've entered and they can submit it with their isolates. So
greater than 95% of the states were using this system within six months of
deployment, and we've received very thought-positive feedback from them.

Also, as of last year, the states can now view and download
resistance data for isolates that they submitted as soon as testing is complete
at CDC, which is another big improvement for us. We have data forms that
would have to be filled out and completed and submitted to us if any of the
states wanted to see the susceptibility results to the isolates that they
submitted. This way, once testing is complete at CDC, they can go into this
electronic surveillance system and they can pull up the isolates they
submitted to us and they can pull up all of the details of the testing. So no
more data forms that they have to complete to get their data. And, again,
you'll be able to see -- you'll have the opportunity to see the database and its
functionality right after lunch.

So, also, the online interactive graphs that | just showed you
were launched last year and have helped to communicate our results in a
visual and easily understandable way.

And, in addition, the AR threats report is an enhancement of

the use of NARMS surveillance data and it includes four enteric pathogens
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monitored by NARMS.

And because NARMS is continually trying to improve the
collection and dissemination of data for action, planned future enhancements
for data availability include making data available even faster. And we are
doing this by working closely with our information technology experts at CDC.
Our goal is to be able to provide the public access to resistance results online
on an isolate level and enable the public user the ability to download results
for analysis directly from our website.

We are also currently building additional data visualization
tools, and with these enhancements the public will be able to view and
interpret NARMS data in a more timely fashion.

So, in closing, | would like to encourage everyone to visit our
website where you can find information that CDC NARMS is currently
spotlighting as well as information on several NARMS topics. And our website
is listed here: www.cdc.gov/narms.

Thank you.

(Applause.)

DR. TAUXE: | think in the interest of time, the questions and
discussions have been terrific, but we're a little behind schedule, and so if you
could hold your questions until after the next two speakers are finished.

Our next speaker is Lieutenant Emily Crarey, an epidemiologist

at the Center for Veterinary Medicine here at FDA, who now serves as a
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epidemiologist in the NARMS retail program, liaison to the state public health
laboratories.

Lieutenant Crarey.

LT CRAREY: Thank you. And good afternoon.

So I'm going to make it quick so that we can catch up, and | will
skip a few slides. Today I'll be talking about the retail isolate surveillance and
| will briefly go over the history of the retail meat program, talk in more detail
about the retail sampling, since that was the main topic at our last public
meeting, and finally show you some of the more recent retail isolate data.

So, as Pat mentioned earlier, the retail meat program started in
2002, shortly after the World Health Organization's Advisory Group on
Integrated Surveillance had recommended that resistance be monitored from
farm to fork with a three-pronged approach, including surveillance in food
animals, retail sources, and clinical cases. As he also mentioned, we built this
based on existing public health infrastructure, and the retail arm made use of
the state public health laboratories that were part of the FoodNet program.

So, here, this is a slide that you'll probably see in everyone's
presentations, but | just want to show you that we met the recommendations
of WHO with a three-pronged approach, and all three arms are testing for
Salmonella and Campylobacter, as well as in the animal and food isolates
we're also testing for generic E. coli and Enterococcus.

Something that | do want to point out is that the food animal
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species that are tested at USDA also correspond to the retail meats that are
under surveillance. So for the chickens, we're testing the chickens with bone
in/skin on, turkeys for ground turkey, cattle for ground beef, and swine we're
testing pork chops.

So let's delve into this retail meat sampling scheme. There are
two retail sampling objectives, and the first one is primarily that we'd like to
detect the temporal changes in resistance; and, secondly, we want to
determine the prevalence of antibiotic resistance in Salmonella,
Campylobacter, E. coli, and Enterococcus in retail meats that are sold in the
United States.

This is also a slide that Pat showed in his presentation. Thisis a
great depiction that you can see how much we've grown from the very start
of the retail program. In 2002 we started with five FoodNet sites, and as of
January 2013, we currently have 14 retail meat study sites. And you can see
those here highlighted in red. | also want to point out that currently, each of
the 14 sites that we have, they collect the retail meat samples, and they
isolate the target organisms from these samples. All the sites isolate for
Salmonella and Campylobacter, but we only have four sites from the 14 that
are testing for E. coli and Enterococcus. Those are Georgia, Maryland,
Oregon, and Tennessee.

So let's look at the sampling locations. Over time, the retail
sampling scheme has changed to incorporate some of the recommendations
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that we received from the science review board. Prior to 2005, the grocery

store locations were selected purely on convenience and sampling locations,
now are based on a stratified random sampling scheme where each site will

identify a minimum of three strata to sample from.

And these strata are designated by three-digit zip code areas.
So I've selected California as an example because everyone is familiar with
California. And here on the map you can see the red dots are the zip code
areas that California has selected to sample from. They selected zip code
areas that began with 941 and 945 to 948.

So once these areas are identified, the FDA then purchases a
list of grocery stores within those zip code areas from a commercial entity
called the Chain Store Guide. Next, we work with our partners at CDC, who
stratify the list of stores into geographic quadrants, and they use a random
number generated to randomly sample within each quadrant throughout the
year. And, finally, once we have created these lists, each site is given five
primary and five secondary grocery stores to sample from each month, as
well as new sampling lists are provided on an annual basis.

So, here is an overview of the retail meat sampling scheme. In
the blue boxes, these are activities that are done by the FDA and CDC. And
then you'll see, in green, these are activities, surveillance activities, that are
completed by the retail meat sites.

So each month, sites are required to visit five primary stores
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where they collect two packages each of retail chicken, ground turkey,
ground beef, and pork chops. And since we assume packages from the same
lot can reflect cross-contamination that occurs in the slaughter plants and on
the trucks that haul the animals to the slaughter plants, we require sites to
sample two different brands. And when two different brands are not
available, they've been instructed to select different establishment numbers
and different sell-by dates. And, finally, secondary stores are visited when
meat products meeting these criteria are not available.

So, since 2002, sites have been collecting 10 samples of each
meat type, totaling 40 samples per month. You multiply this by the current
14 retail meat sites, and they sample throughout the entire year, which is 12
months, and this yields over 6,000 meat samples. So we do recognize that
the number of samples has its limitations, and we do realize that it does yield
too few isolates to make reasonable conclusions about short-term resistance
trends. So we're currently looking into ways that we can increase the number
of isolates and we want to do this through either expanding our sampling or
revising the laboratory methods.

So, as you can see, the retail sampling scheme has its strengths
and limitations. We've made significant improvements to the sampling by
standardizing and randomizing the selection of the sampling locations as well
as expanding the sites to have it be more geographically representative. But

with any program, there is still room for improvement. Currently only 6% of
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the population is represented by the postal codes that are selected by these
sites, and we need more data and resources to really determine just how
nationally representative the current catchment area is.

So here is a list of the data that each of our partnering sites
collect. The items that are listed in red are currently not reported by the
retail meat program. But we do find this data very helpful and interesting for
other purposes, including research and epidemiological study questions.

Now for reporting. As with the human NARMS testing, all
isolates are sent to the central location -- which in this case is the FDA Center
for Veterinary Medicine -- for confirmatory identification, serotyping and
speciation, antimicrobial susceptibility testing and other molecular workups,
including whole genome sequencing and PFGE. Data from these tests are
then reported annually by pathogen and source, and we produce those and
make them publicly available to you all for your reading pleasure.

And here you can see the retail meat -- the cover of the retail
meat 2012 report, which we expect to be released in the very near future.

And | just want to point out that the data that is in the coming
slide should be considered preliminary until the 2012 report is officially
released.

So let's take a look at the data. Here you can see how the retail
meat program has grown over the years. In 2002 we sampled -- had about

2,500 samples, and that came from five sites. And you can see how we've
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since doubled in 2012 to over 5,100 samples. And as | mentioned earlier, as
of 2013, we've added three additional sites, and we have over 6,000 samples
tested.

So here you see the Salmonella prevalence among the different
retail sources. The majority of the Salmonella in the NARMS retail program is
being isolated from poultry, which you can see here in the green and the
purple lines, and over the years the prevalence has remained just over 20% --
just under 20%.

Here you see a different picture for Campylobacter. In the
retail meat program, Campy is primarily isolated from retail chickens, which is
in the purple line, and the Campy prevalence remains near 50%.

And so here we have the serotype distributions. So what we
did was combine all the years and then we selected the top serotypes for
retail chicken and ground turkey. And on the left you can see, for retail
chicken, Typhimurium, Enteritidis, Heidelberg, and Kentucky were the top
Salmonella serotypes in the NARMS program. And for ground turkey, it was
Saintpaul, Heidelberg, Hadar, and Salmonella |11a18:z4, z23:-.

So, over time, we can see how the serotype distributions have
changed. And in retail chicken you can see -- for Typhimurium, which is in the
blue, right here, and for Enteritidis, which is in red -- have increased over the
years. Then, looking at Heidelberg, we can see that it was one of the top

Salmonella serotypes in 2002 and has since decreased over time.
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If you take a look at ground turkey in comparison, you can see
that the same Salmonella Heidelberg is still continuing to decrease over time
in ground turkey as well.

And, finally, Salmonella serotype l11al8:z4, z23, which was first
seen in the retail meat program in 2003, has become a top Salmonella
serotype for ground turkey and seems to be increasing over time. Here you
can see that, in 2012, it was the top Salmonella serotype.

So here's a figure from our latest report showing the antibiotic
resistance in Salmonella isolates from poultry. First, let's highlight the really
great news, which is that fluoroquinolones, like ciprofloxacin, which is seen
here in the baby blue and is commonly used to treat Salmonella infections in
the United States -- and it's practically 0% -- it's 0% from 2002 to 2012. And if
you look in ground turkey, we can say that it is also at 0% as of 2012. So this
is not a problem.

The not so great news, but still kind of good news, is that
cephalosporin, ceftriaxone, which is seen here in the dark purple -- you can
see the trend right here for retail chicken and here for ground turkey. It's
also a critically important antibiotic for testing severe Salmonella infections in
the U.S., and although it has had some increases in the past years, we do see
in the most recent years that it is declining. So we are keeping a watch of this
antimicrobial.

And since antibiotic resistance varies by serotype, it's really
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important to note that overall changes in resistance in Salmonella may be a
reflection of changes in resistance within the serotype, or it may be due to
different serotype distributions, as well as it could be a combination of both.
So to highlight this notion, we superimposed the Typhimurium prevalence in
red so you can see how Typhimurium is driving the resistance seen in retail
chickens.

Okay. And for ground turkey, we didn't superimpose any of the
serotypes, just because ground turkey has a larger serotype distribution, and
it's not exactly clear that there's any one particular serotype that's driving the
antibiotic resistance in ground turkey.

And here we see a similar figure that we have also pulled from
our 2012 report for Campylobacter species jejuni and for Campy coli from
retail chickens. As you know, over 90% of the Campy that's isolated from the
NARMS program is coming from the retail meats. So our reports focus on the
Campy that is from retail chickens.

So I've highlighted here, in the blue boxes below, the
macrolides over here on the left and the fluoroquinolones on the right, which
are also used to treat human Campylobacter infections, and they're also
authorized for use in food-producing animals. The good news is that
macrolide resistance is very low at 1% or less for jejuni isolates, and it
remains relatively level, here, for Campy coli.

Now, as you saw in some of our previous presentations, the
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one from CDC, from Barbara, she highlighted how in September 2005
fluoroquinolone use was stopped in poultry. And here we can see that for
quinolones, there just isn't a consistent decrease in the resistance. But, as
Barbara mentioned, it remains level, and we have not seen large increases.

And the final thing that | want to point out in our data is the
gentamicin resistance, which is in blue over here in the Campy coli. Prior to
2008, we didn't see any gentamicin resistance in Campy coli, but from 2007 to
2011, we saw a large spike in the gentamicin resistance. But since then, we
have seen that it has decreased in 2012, and we briefly looked at our 2013
data, which also shows a continual decrease. And later in the afternoon,
Dr. Shaohua Zhao will present more information on those gentamicin-
resistant Campy isolates.

So, although we've come a long way from the start of the
NARMS retail meat program, we continue to face new challenges and future
needs. So, although we've added three new additional sites, we still need
more isolates to make our sampling statistically robust.

And it's imperative that we become timelier in our reporting.
As technologies improve and things become more real-time, we plan to make
isolate-level data accessible as well as produce semiannual short reports,
which Mike Grabenstein and Dr. Tate will speak more about those later.

And, next, there is a need for us to capture meaningful human

and veterinary drug use data to better understand the risks that are
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associated with their use, which Dr. Craig Lewis will discuss that in detail
tomorrow.

And, finally, as all of us want to do, we want to better serve our
public health mission through examining additional emerging hazards, but we
want to do this without compromising our core monitoring functions.

And to finish, | just want to really thank our state public health
laboratories that we partner with, because we wouldn't be able to complete
the sampling or testing without their assistance, as well as the FDA/CVM
NARMS working group, CDC, and USDA NARMS partners.

Thank you.

(Applause.)

DR. ESTEBAN: Thank you, Emily.

As Rob stated before, let's hold our questions until after we
finish this morning's session.

I'd like to invite Joe Hill, whom | will not introduce again, to
give us a presentation. And Joe, you're the only person standing between us
and lunch.

DR. HILL: Okay, I'm going to get us out of here by one o'clock.
So it's almost going to be like a data dump. But as | mentioned, FSIS has just
recently become an active laboratory member of NARMS where we're
generating data. So what I'm going to do is try to present to you some of this
preliminary data.
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So these are the sources of data that we're further
characterizing right now. Obviously, we have our HACCP verification samples,
our cecal samples. We have a program going on right now. It's called non-
ready-to-eat poultry, but it's comminuted poultry or ground poultry. And we
get a few isolates from our ready-to-eat products. We also get isolates from
AMS school lunch program samples. We get them from baselines. We get
them from for-cause testing. We get samples from state ag labs. And then
past and future baselines have also been a good source of isolates for us.

This graph just sort of shows the growth of PFGE that we've
performed and uploaded to PulseNet over the years. Starting back in 2006,
we only had about 262 samples. This year we'll have over 8800 samples.

You know, again, starting in March of last year was when we
started the NARMS cecal sample testing. So far, we have about over 7,000
samples. Just a couple of things I'll point out. It seems like the highest
percent of Salmonella has been in swine. And then this is a little bit
surprising, is the percent positives of Campy that we've seen in various
animal classes of cattle.

| think the main thing that we're showing here is no -- if you
look at cecal samples collected each month and isolations that we're seeing,
there's no seasonality.

And if you look at the animal classes, at least the ones that

we're getting a lot of isolates and we have pretty high numbers on, there's no
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seasonality.

Campylobacter, pretty much the same. If you look at the ones
that have a high level of isolation for Campy, they're pretty uniform across
the calendar.

And don't pay a lot of attention to this one, but again, for our
HACCP samples, which is finished product -- you know, that's either a carcass
that we swab or it's ground product -- we started actually doing the in-house
testing in October of '13, and this is the number of isolates that we have so
far. Cecal samples that we actually started testing in-house, we started in
January. So a very small number. And then the last year. This is the number
of samples that we have data on from FDA.

The main thing about this slide is that, obviously, from cecal
samples and from HACCP samples, we have -- we generate a lot of isolates.
But here are two programs, like the comminuted poultry, where we're
generating a lot of isolates in a short period of time. And then this is our for-
cause Heidelberg study that's been going on for several months now, and you
can see that we've generated a lot of isolates. Now, this information is useful
to us. It would not be a benefit to upload this to the NARMS integrated
database because it would skew the results.

Salmonella serotypes. This is just a list that tells you the top
5 -- 1 mean the top 10 -- whether it's from HACCP samples or from cecal

samples, and they match pretty closely. There are some that we're seeing in
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HACCP that maybe we haven't seen in cecal samples so far, so they don't
necessarily correlate well with what the most common serotypes are in
PulseNet.

The most common serotypes in cattle. If you look at our cecal
samples that we've done so far with FDA, those match pretty well. HACCP is
a little different. There's one thing, that we haven't seen any Dublin in cecal
samples so far, but it's been fairly common in our HACCP samples. And
Dublin has been one of the more common serotypes in cattle over the years,
and it's been one that has had some resistance issues.

For chicken serotypes, Kentucky wins again on all three.

Turkeys. Pretty diverse in a population or serotype at this time,
but again, we have very small numbers.

Swine. Whether it's the cecal samples that we're looking at or
the ones FDA is looking at, those correlate well. For the last couple of years
we really haven't had any HACCP swine carcass rinses.

PFGE patterns are diverse and not the top pattern seen in
PulseNet. If there's any commonality, it's probably more with our HACCP
isolates than with the cecal isolates.

And then if we start looking at percent resistance, the main
resistance is for streptomycin, sulfamethoxazole, and tetracycline. And this
just sort of breaks it out to whether it's HACCP or cecal. And I think, through

most of these slides that you'll see, that we have a little more percent
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resistance with our HACCP samples than we do with cecal samples.

This is just a really busy slide, but the main thing | wanted to
point out in cattle, streptomycin and tetracycline have the highest percent
resistance.

Swine. More with the tetracycline.

Chicken. Streptomycin and tetracycline.

And then | think the interesting one is turkeys, where
resistance has maybe been a problem compared with other animal classes,
and you see that there are several -- whether it's HACCP samples or cecal
samples, there's pretty high resistance to various antibiotics.

This slide shows Salmonella isolates for cecal samples, and 89%
of all the isolates that we've had so far will fall under those seven resistance
profiles. And then 70% are pan-susceptible. You have about 2.4% that seem
to be resistant to a lot of organisms. Now, those are cecal samples.

If we look at HACCP samples, 87% fall under these seven
resistance profiles. A little less are pan-susceptible, only 56.4%. And then,
again, we have about 2.7% of the HACCP Salmonella isolates that are
resistant to several antibiotics.

If you look at Campylobacter with our HACCP samples, it may
be a little bit more percent are jejunis compared with cecal samples, where
we see a few more colis.

Looking at cecal samples, we're not seeing any jejuni, so far, in
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turkeys, but we see coli. For HACCP samples, it's a different story. We do see
jejuni and we see coli. And then if we look at the Campylobacter resistance,
again, a lot of tetracycline. There's some nalidixic acid and cipro that you
have upward of 30% resistance. If you compare the species, they're pretty
consistent, although maybe with nalidixic acid and cipro, jejuni is showing a
little more resistance.

I'll skip over that one. Those are just folks in the lab that are
involved with NARMS work now and will answer questions at lunch.

(Laughter.)

(Applause.)

DR. TAUXE: Actually, | think let's take -- there may be some
guestions. Let's take just a few minutes. But we're going to then stop for
lunch and gather here in the room again at exactly two o'clock.

Are there any questions for any of the three previous speakers?

DR. SCOTT: | have a quick question. Morgan Scott, Texas A&M.
A question for Regan.

Do you keep a firewall between this outbreak mandate that you
now have in the CDC NARMS and the reports that are typically based on the
1in 20 Salmonella? So your annual reports aren't going to start including
those outbreak isolates, | hope.

MS. RICKERT-HARTMAN: Did you say, do we keep a firewall?

DR. SCOTT: Well, yeah. They're not going into the trend
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reporting, are they?

MS. RICKERT-HARTMAN: So they're not right now. We actually
had an appendix in our last -- 2011 annual report. That described all of the
outbreaks that we had done testing for up until that point. And then we had
decided, at CDC, that we would like the opportunity to present the current
analysis that includes up through 2012 in a peer-reviewed journal before we
publish it again in our annual report. So that's our plan. So it will still be
published and found, but we're planning to submit that to a peer-reviewed
journal first.

DR. SCOTT: But you won't mix them in and report them as part
of a trend?

MS. RICKERT-HARTMAN: No, no.

DR. SCOTT: Good.

MS. RICKERT-HARTMAN: No, no.

DR. TAUXE: Are there any other questions?

(No response.)

DR. TAUXE: No. Okay.

DR. TATE: Okay. Well, | wanted to thank everybody for
attending this morning's session, and | just wanted to remind you that there
is a food cart out here for you to purchase food items. Only if you have a
name badge that has your picture on it can you leave this area, and even with

that, you need an FDA escort. So just try to remain in this area. But if you
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need to go out or would like to go out, please get an FDA escort. And we will
see you at 2:00.

(Whereupon, at 1:00 p.m., a lunch recess was taken.)
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AFTERNOON SESSION

(2:01 p.m.)

MS. RICKERT-HARTMAN: Welcome back, everybody. We're
going to go ahead and get started for the afternoon session.

So this session is entitled "Improvements in Data Acquisition,
Analysis, and Reporting." And our first presenter is Dr. Jean Whichard, who is
the team lead of the National Antimicrobial Resistance Surveillance Team at
CDC. She received her doctor of veterinary medicine and Ph.D. from the
Virginia-Maryland Regional College of Veterinary Medicine, and after
receiving her degrees, Dr. Whichard joined the CDC, and her work currently
focuses on antibiotic resistance.

DR. WHICHARD: Okay, there you go. Here we are. Welcome
to the afternoon session. We're going to talk about data management,
databases, web graphs, improving our timeliness, coordination, and
reporting. And right now you're probably asking yourself, what a nut. Stick
around. Go to the farmers market over there and buy some vegetables. Go
out for ice cream. Maybe run back and try the carrot cake.

So let's look at the four core activities that NARMS conducts,
and we can see that effective data management and presentation are at the
heart of everything we do. | mean, we're really trying to get data for action,
data out there quickly, data in a usable form. If we want to monitor trends in

antimicrobial resistance, we better have the data structured in a way that
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facilitates looking at resistance over time. If we want to be able to share
those data in a timely fashion, we need them portable for analysis, they need
to be structured for accessibility, portability, and distribution.

So you're first going to hear a little bit from me about how
we've approached data management and presentation for one of the three
arms of the so-called NARMS beast. And then you'll hear from
Michael Grabenstein and Claudine Kabera about the bigger-picture dataset
that much of what we collect fits into, and then from Heather Tate about the
culmination of data reporting for animals, retail meats, and the overarching
executive reporting processes for the subset of bacteria that span all of the
NARMS partners.

So we'll talk a little bit about what information goes into our
dataset, what data goes out and how, and some things that we hope to do in
the future.

So we collect three basic types of data. We collect data about
the people who are infected with the bacteria we're studying, a little bit of
information about the bacteria, some identification data, and also this
minimum inhibitory concentration data. These are the numbers that we
measure. We expose the bacteria of interest to doubling dilutions of the
drugs, and then we actually get that minimum concentration necessary to
prevent growth. |love it when the definition actually exists in the term itself.

And we do that in a 96-well format with one of these Sensititre plates such as
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you see on the bottom here.

And we do this on a lot of bacteria. In calendar year 2012, the
NARMS human surveillance received over 5,000. You see quite a big
proportion of these is the non-typhoidal Sa/monella, but we're also doing
typhoidal as well as Shigella isolates and non-cholera Vibrio and a whole lot
of Campylobacter. Despite our efforts to reduce our sampling scheme, we
still continue to get 1,500 or 1,600 a year.

And we're getting a lot more into the outbreak realm of things.
You'll see a whole lot of non-typhoidal Salmonella coming in in calendar year
2012. But we also got a little into the Vibrio cholerae, the outbreak in Haiti
and doing some comparisons there. So just to give you a profile and give you
a sense of how big our sampling is.

And to understand how far we've come in our data
management, | need to tell you a little bit about where we came from. We
came from a paper-based system that was in place as late as 2012. Hard-copy
log sheets coming from the NARMS state participants, we would bring them
to NARMS CDC. Regan's crew would enter them in. In many cases the states
already had this data electronically, and it really seemed a lot more tragic, as
we went, to be having this data just have to be copied, transcribed, and then
read again and entered in. It was duplicative. It didn't capitalize on data that
was already available in electronic form. In the very early years of NARMS, it

went into separate SAS databases for each calendar year, and our reporting
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depended on annual cleaning and closeout processes. And that's
cumbersome. That's a cumbersome way to deal with data, particularly if you
want something available in real time. We knew that we had some growing
to do.

So the first step was to standardize our data structure across
the years, and we took all of those little SAS datasets and rolled them up into
a standard format, NARMS data, into a SQL server with a Microsoft Access
front end. It was relational, it served us very well, but it was strictly for in-
house purposes. We knew we needed a secure way to communicate with our
NARMS participating sites. You know, based on our 2007 external review of
our program, how are we going to get this data out in a more usable form and
communicate in more efficient ways?

So to communicate with the state partners, we built a secure
web application that our state participants interact with. We also interact
with it. So we do our quality checks, and we do our own data entries, and
even the laboratory data comes in through a secure web application through
this big CDC firewall. It looks like a scary thing, doesn't it? It's a big old
firewall. | think it's even bigger than the drawing seems to indicate here. So
you do your authentication, and then you interact with the web application,
and it all goes back into this data that's stored in SQL servers behind the
scenes.

Some key features that we developed include electronic entry
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of information by the states that are submitting the data. They're able to
generate a packing slip of those -- information about those bacteria they're
about to send us, because to send it through the mail, they still need some
information to put in the box for couriers and for IATA regulations.

Isolate accessioning tools. So we've got some tools on our end
to be able to bring the bacteria in to say, as a condition of this specimen, the
way it needs to be, we can hold, we can reject, we can accept. And we also
have automated processes for importing and validating the laboratory
results.

Epidemiology and laboratory quality checks and approval
functions. You know, the epidemiologists look to see, does it look like all the
patients are a certain age or sex? You know, maybe you need to call a state
and say, are you sure that's accurate, because we might need to update
something? On the laboratory side, we're looking for weird combinations of
resistance that might indicate something novel or they might indicate that
the test needs to be rerun.

We have some pushbutton graphics now out of the live data
that produce the graphics and tables that you see in our annual report. And
we finally have portable isolate-level data that's accessible to the states and
what we're using and aiming to use for a variety of reporting methods.

So let's take a look at what the state sees. I'll show you behind

the scenes, okay? So the state gets to log in at this landing page. They have a
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means to put in their e-mail address and their password and that's where
they log in. Once they do that, they have the ability to enter information
about the isolates that they're going to submit to us. They've got two ways of
doing that, the sort of a la carte individual isolates if they've got a small
number to enter, and we also have ability for them to pull isolate data in from
lists.

This just gives you an idea of the types of fields that we're
asking for. We're getting the individual submitting site's identification
number; the genus and species; in some cases serotype of the bacteria
they're submitting; a little bit about the collection data, specimen source,
whether it's blood, stool, otherwise; and then we like to get their age and sex,
if they're able to provide that. They have an ability to save anew and add
isolates to that list. Again, it's sort of like the small-plate order as opposed to
the combo dinner.

But for states that already have their data in a laboratory
information management system, they can pull that into an Excel file or a
couple of other different electronic formats and actually map the fields from
their dataset over to the target fields that we're looking for in NARMS. For
instance, they would say their Alabama ID number maps to our site isolate ID
number. That way they don't have to do a lot of manipulations with their
source file. They can just bring over what they need. They can actually save

those mappings if they're going to have a similar file the next quarter when
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they want to submit their isolates. So they have that little save mapping
function.

In the view from the CDC side, you'll see that we can import our
susceptibility data. Either the Sensititre comes in the form of a SVN export
file, but we can also capture E-test data, disk diffusion data, that sort of stuff.
Again, if you've got an electronic list, we can find a way to pull it in. We also
do some identification. For instance, we confirm species of Campylobacter.
So, again, this is a means for us to interact through the firewall with
authentication, to be able to upload sets of data to the SQL servers behind
the scenes.

You'll also see on the CDC side this approval tab right here.
And this is, again, our quality assurance step where we can look at the
information that the states put in and say, does that need to be updated, or
do we need to retest some isolates for closeout?

I'm going to step back out of these weeds a little bit, just to
orient us to where we are. So now we've got some information about the
patients who were sick, some information about the bacterial identification
data, and also the antimicrobial susceptibility data. It goes into this
preliminary data pool and then those quality assurance steps -- now we have
that approved dataset.

And now we can move on to reporting. And these are some of

the existing reporting mechanisms that we have and also a few planned ones.
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So the beautiful thing is that now we can get isolate-level data
back to our submitting states just as soon as it's approved. So no more of this
annual silo of data that we've got to carve out a few weeks to clean it up and
then put it out. We really wanted to reduce the barriers to getting data out
in a timely fashion. This is the same dataset that then goes into our annual
surveillance report and then our FDA-integrated database executive report,
also what feeds the graphics for our public-facing webpage.

And Regan already alluded to some of our linkage efforts and
also the planned public download via the public-facing webpage. That's still
in the works. I'm not going to make any promises of timing, but that's
certainly our goal, is to get this data not only out to the submitting states, but
all of our other reporting needs, including some more timely public access to
the data.

So let's look a little bit at the information the states get back.
So they go back to their same landing page. After they do their
authentication, they're going to see a listing of all of the isolates that they've
put onto their log sheets. You know, some of the things might be in progress.
Some things might have been submitted. If it's been submitted, they can drill
in there and see what's been received, whether it's been accepted, whether
some tubes were held or rejected for some reason.

And then they can go to the view test results. And it's that

same sort of entry screen, or very similar to the entry screen for the isolates,
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where they can either search for a specific isolate number that they
submitted to us and hit the search, or they can do an advanced search and
they can look either over a date range or they can look for a given genus-
species-serotype combination for that dat range. And here's a really neat
thing. They can get the data back out through a list as well.

But let's show you first what they see when they're viewing
those results sort of a la carte. If they're looking at an individual isolate's
results, they'll see all the drugs that we tested, they'll see the version of the
Sensititre plate that we used to test that isolate, and they'll see their
minimum inhibitory concentration results and also the conclusion, whether
that MIC of four amikacin means it's susceptible, intermediate, or resistant.
It will have the susceptible and the limits of the susceptible and the resistant
range for them to know where their MIC falls in terms of those limits. And we
also give some information at the bottom that tells them where we got those
breakpoints. Was it a Clinical Laboratory Standards Institute breakpoint?
Was it a European Committee on Antimicrobial Susceptibility Testing
breakpoint? So they have some context. They know where these things are
coming from.

But they can also download those results by a list. Here we just
have a list for state Salmonella Infantis. And then they can get all of those
data that they already put in, all of those accompanying data about the

patient and the bacteria that they sent, and then they can get in, in table
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form, all of those results. You may wonder what AMI and AMP and ATM
mean, but there's also a data dictionary in the O tab so they know the
meaning of some of those kind of geeky database terms for the fields that
we've collected.

So | think we're doing pretty well in terms of the state
reporting. Let's see about our public-facing webpage. Now, Regan has
already helped you drill down to some of those web graphics that we're
producing, so I'll just try to hit a few highlights here quickly.

So you can choose your bug. You can choose the bacteria that
you want to look at, the resistance over time. And here | just chose
Salmonella Newport on a whim. This is something that certainly shows the
rise and fall of resistance. Here we're looking at ceftriaxone resistance. And,
again, we have those confidence intervals on the data, using the Paulson-
Camp-Pratt approximation to the Clopper-Pearson exact method. And if |
didn't sound like a microbiologist then, just try to pretend to be an
epidemiologist. And | may have pulled the wool over your eyes. But yeah,
just something to give you a sense of the certainty or uncertainty of those
point estimates.

So you see we had quite a rise in Salmonella Newport. It was
resistant to ceftriaxone in the late '90s. That's about the time | came to CDC,
and it just really hit like wildfire, and we were calling people and saying, are

you sending any extra Salmonella Newport in your boxes, because we're
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seeing an increase in the submissions of Newport and an increase in this
resistance and it was pretty huge. Thankfully, it's going down.

We could look at another drug. We could pick, for instance,
tetracycline. If you go over here to this left side, you can either pick new
serotypes or you can pick different drugs you want to look at. If we indeed
look at tetracycline, you'll see that curve looks the same. And that just
illustrates how the ceftriaxone resistance determinant and the tetracycline
resistance determinant all travel on the same plasmid. So, if you've got one,
you've got the other. So these curves look very similar, and so we see the
same trend downward with the tetracycline resistance that we did with the
ceftriaxone.

So, if we choose another one, we can pick maybe a human-
specific bug, the sampling that we do strictly at CDC. And we see Shigella. |
guess there's a little bit of good news there. We've had a fall in ampicillin
resistance, although 30% is still nothing necessarily to cheer about. We're
also looking at azithromycin very closely and Shigella. And for this one you
can pick specific species, whether you want to look at flexneri, where we tend
to see more multi-drug resistance, or sonnei. And, again, you can see the
same drugs. These are the same drugs that we test for Salmonella. And
we've seen that blip on the radar when it comes to ciprofloxacin resistance in
Shigella.

| think I managed to pick some of the examples in the "of
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concern" or "wrong direction," | guess, from your talk earlier, Regan.

And if we look at an example like Salmonella Typhi, we can see
the rise of nalidixic acid resistance, which correlates very well with decreased
susceptibility to ciprofloxacin. And we've even got some of those examples in
Salmonella Typhi where they have both mutations in the quinolone resistance
determining region, for the molecular biologists in the audience. There has
also been a change in breakpoint for the typhoidal Salmonella, that we were
able to bring some data to CLSI, and they revisited those breakpoints for
invasive Salmonella serotypes.

So that's just some of the value addedness. And also the really
good thing about having the data structured in the way we do, because then
we can retro-apply new breakpoints if they're updated.

So how are we doing? Should we check our report card? |
don't know. | was reading the strategic plan and feeling pretty good about
how we're improving data management and in essence reducing the barriers
to getting data out in a timely fashion, doing this quality check as we go and
releasing the data as they're available to the states that are kind enough to
pack the boxes of isolates and submit things to us. We're building all of our
reporting needs based on those approved -- those quality checked isolates.

And now we're just trying to figure out what increments are
going to be most appropriate to roll into our public-facing graphs and

downloads and all. There are still opportunities to do better. Right now our
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graphing tools depend on us making an Excel table of the data, making an
actual summary of those data, instead of just feeding the live dataset into a
graphing function. So those are some of the things that Regan and | and
several other people at CDC are trying to find some more efficient tools for
getting that data in a form that can be graphed on the fly.

So, with that, | will leave you to the others to talk about the
grander scheme of things and the bigger NARMS umbrella and how this all fits
into the executive reporting.

(Applause.)

MS. RICKERT-HARTMAN: We have time for a question or two, if
there are any questions.

(No response.)

MS. RICKERT-HARTMAN: Okay. Thanks, Jean.

So the next presentation will be co-presented by
Michael Grabenstein and Claudine Kabera.

Mr. Grabenstein is a regulatory information specialist with the
FDA. He received his bachelor's degree in chemistry from the University of
South Florida in 1997 and currently works as a data manager for the FDA arm
of the NARMS program. Prior to his role at FDA, he worked at CDC managing
antimicrobial resistance data collected through the Gonococcal Isolate
Surveillance Project.

MR. GRABENSTEIN: Hi. Today I'll talk about the NARMS
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interagency database and the FDA data for public access. I'll be talking about
an update of the IDB status/progress made since the last public meeting,
examples of the IDB reporting through business objects, adding genetic
testing data to the IDB, and providing isolate-level FDA NARMS data on the
web.

So for our initial goals for the NARMS IDB project, the first goal
was to consolidate data from the NARMS program's three arms, the human,
animal, and retail meat; also to enable the rapid production of consolidated
data tables and graphs for the annual NARMS Executive Report; to enable the
NARMS epidemiologists to explore the data to identify baseline searcher
trends, et cetera; and to enable the FDA regulators to use our NARMS data to
support risk assessments and other evaluations of animal drugs and new
animal drug applications.

So here's a diagram of the IDB as it existed at the time of the
last public meeting. Shortly before that, | was hired. So we added the
internal FDA database analyst, and | created an Access database, which | used
to gather the three parts of the data to assemble them, in order to hand them
to the contractor so that they could be uploaded into our IDB.

I'll talk a little bit about the IDB. Shortly after the last public
meeting, the IDB went online, and we were able to generate a can of reports
for business objects. And I'll show some of those. Here's an example of

showing some ceftriaxone resistance with Salmonella Heidelberg. Thisis a
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table and a graph that are mirrored exactly in the Executive Report. And
here's another diagram also from the Executive Report that was generated by
the IDB. So antimicrobial susceptibility for non-typhoidal Salmonella. The
table goes on and on and on, but this gives an example.

Now, with the IDB, ad hoc users can create a database for
isolate-level data to really create any type of table or graph that they would
like to see. They can select from the choices here on the left. They can pick
different resistance flags, all the way down to isolate-level data really. And
then, once they move these items over into the resolved object section, then
they can have the report generated and they can select different years, select
different genus, species.

Okay. Now, currently, for our current year we have a new data
upload process. | worked hard to remove the contractor from the process so
that we can upload data more often. So now | assemble the data myself and
then | create the tables that go into the IDB. This saves us quite a bit of
money, and like | said, it allows us to load the data much more often since we
don't have to allot funds for this process.

We also have been able to add an additional storage for genetic
data and the ability to add other susceptibility data for studies that are not
built into the NARMS canned reports.

Here are some examples of some of the genetic data fields that

we've added. Currently, the IDB doesn't have the data yet, but it has the
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tables built, so we're ready to add this data into it.

And then, for the future, we hope to be linking data
visualization software, like Tableau, directly to the IDB so that customized
graphs can be pulled from this. And Claudine will be talking more about
Tableau's functions.

For 2015, our goal is to upload the genomic data associated
with NARMS isolates; to assist with data submissions so that contributing labs
can send data to FDA for uploading as often as once a month; to enable
assembly of the interim data before generating annual surveillance reports;
and to apply new epidemiological tools for analyzing and communicating
data, just like Claudine will talk about, and also to provide Business Object
reports to support updates to the next Executive Report. There will be some
changes, so we'll want to change some of these canned reports that we have.

Now, we have a desire to release data to the public, and
certainly HHS is eager to follow the White House directive making research
data more freely available to the public. And if you want to find more, you
can go to data.gov. But if you go to the website, you'll see the FDA section
and it's called "Open FDA."

Currently, security restraints prevent us from providing direct
access to the IDB for users outside of NARMS, just for the public. But our
solution to this is to post the FDA NARMS data to our website in a

downloadable format. At this time we're thinking about an Excel
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spreadsheet. So the data will be available after the NARMS reports have
been published. The NARMS data will be downloadable as an Excel
spreadsheet. And then there will also be a data dictionary that will be
available, which will explain each of the fields that are there in the
downloadable spreadsheet.

Here's an example of the spreadsheet. The data has been
flattened to where each row is actually an isolate-level piece of data. So
you'll see sample ID, genus, whether there's growth, species, serotype,
depending on each isolate; state, month, year, meat type; if the meat is cut,
ground; dates associated with it; organic indicator if it was collected; and
then also more information about it and then rows of the actual MIC data;
the sign for the data, the value that's like AMC relates to an antibiotic. So it
would be the sign, then the value of the antibiotic, and then the AMC SIR.
The S, |, and R would be sensitive, intermediate, and resistant to the
antibiotic.

And that's all I have. On to Claudine to continue talking.
Thanks.

(Applause.)

MS. RICKERT-HARTMAN: Ms. Kabera is an epidemiologist with
the National Antimicrobial Resistance Monitoring System at FDA's Center for
Veterinary Medicine. Claudine's work includes creation of the NARMS

Executive Report and assisting with the coordination of activities related to
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NARMS retail meat and food animal surveillance. She received her M.P.H.
degree from Loma Linda University.

MS. KABERA: Good afternoon. So going off a bit of what Jean
talked about in terms of interactive displays that we'll be looking at at NARMS
and also going off what Mike mentioned in terms of Tableau, I'm going to give
you a brief presentation of where we've been in terms of the interactive
displays that we've used in NARMS and where we hope to go in the future.

So, as a brief introduction, NARMS has been around since 1996,
so we've accumulated a great deal of data. And one of the things that we
often talk about is how best to communicate this data to our stakeholders so
that the data is in a manageable format and it also could be helpful for them
to understand better what we're seeing on our end and communicate that
information a little better. And one of the things that was considered looking
at was interactive displays. And we've begun using displays in our 2008 and
in 2009 NARMS reports. That was in 2011. And initially we started off by
showing our resistance-level information for Salmonella and Campylobacter
using the Xcelsius interactive graphs.

For the 2010 NARMS report, we added Salmonella serotype-
level information, and we specifically focused on the Salmonella data that
was serotype information relating to the top five Salmonella serotypes known
to cause human illness. And as you can see, here I've included a copy of what

the graphs look like, and | can also show you briefly, before | move on to
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show you where we're thinking about going next in terms of our interactive
displays.

| don't know if it's going to load. Since this seems to be taking a
bit of time -- oh, wait. No, there it is.

Currently, in our NARMS reports, we include these interactive
displays that, as Jean has shown you, allow you to look at specific drug-bug
combinations and also look at specific sources. So in case you want to look at
ceftriaxone resistance in humans -- say, chicken breasts and chickens and
then you could also -- it has the added feature of scaling it so you can look at
it specifically to the percent resistance and you can more easily see the
results of the resistance information.

So this tool has allowed us, in the past, to really show the
resistance information and communicate it better with our stakeholders.
However -- sorry, it's not moving. There we go -- we've had some -- Xcelsius
has some nice pros where it creates nice user-friendly interactive displays,
and it allows us to use the displays either in our PowerPoint presentation or
on the website. And it's easier to embed this information onto either CDC or
NARMS or FDA websites.

It has some limitations, one being that it's only compatible with
Excel. So you're limited to using a single Excel sheet to fit as much of our
NARMS data into one sheet and then manipulate it on that sheet in a

summarized format before importing it into this database and then continue
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manipulation in the database to make the software more interactive before
you can put it online. And that's really viewer intensive and it can take -- |
know, in working with it, it's taken me months, sometimes, to create a
singular interactive display. So that was one of the limitations of the
software, another being that it's not compatible with anything past Microsoft
2007. Once we got Microsoft 2010, we found that that particular software
was not at all compatible with anything -- with our Excel program.

And another limitation to the software is that it's limited to the
amount of data you can fit in a singular Excel worksheet. So, if you have
more data than that, you won't be able to house it, and you would have start
removing years from your resistance trends, which we were hesitant to do
since we wanted the stakeholders to have access to as much information as
we can give them -- provide them.

So in looking at the limitations, we decided to look at several
different softwares, and we honed in on Tableau. And while there are other
competitors currently on the market -- one being Spotfire, which has been
used previously by CVM; another one being Palantir, which | think is being
used in surveillance programs at CDC -- we worked with our CVM IT
contractors and after doing some product comparison decided that Tableau
seemed to be the best fit for our needs in terms of the NARMS data.

So, briefly, | want to touch on what Tableau -- the different

versions Tableau offers its users before | show you the pros to it and also
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some visualization examples.

So Tableau offers a public version, which allows you essentially
to upload for free interactive displays and also share them online. It offers
you a public premium option, which enables you to secure some of your data
so you don't share everything. So you have a little more control over your
data. And then the version -- one of the versions we have at CVM is a
desktop option, which allows a single user to sit to work with the software
and create different visualization displays.

It also offers a server option which allows you to share
whatever you create -- interactive displays you create -- to several users that
you choose. And the nice thing about this is that if you are sharing the data
and it is preliminary, you can actually -- you can limit how much manipulation
they can do on their own in terms of your data.

And then there's also a large-scale, which has an unlimited
number of users and you essentially have your own server and so you can
create an infinite amount of visualizations and you can share as many as you
want with your -- with stakeholders and with other partners.

So there are some limitations, but there are a lot of pros to this
particular software. One is that it's easy to use and that you can connect to
the data directly. So previously we had to create summarized data before we
could import it into Xcelsius and use it. But with this, you can take the raw

data from an Access database or a SQL server or an Oracle database and you
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can upload it directly into the software, and then it automatically generates
the variables for you, so then you can start manipulating it right away. And
the nice thing about it is you can create a live connection. So, if you do have
-- if you have corrections in the data or you have new data to add, you just hit
a refresh button, and it automatically includes that new data into your
existing displays.

And another nice thing about it is that it can handle very large
datasets. So our NARMS dataset is ideal for this particular software. And you
can also extract any analysis. So, if you create new variables within the actual
software, you can extract that analysis into an Excel file and then upload it
into another software as you need.

One of the limitations of this software, however, is that it can
only be published on the Tableau server, unless you have a Tableau
enterprise license. And also when you export the interactive graphs as an
Excel or PDF or PowerPoint, they are static. So they don't allow you to do the
same interactive visualization that Xcelsius does. However, you can publish
on the Tableau server and then have the interactive display. And since we're
intending to make our data more publicly available, | don't think that will be
much of a hindrance.

So in the middle I included a brief visual showing the different
types of interactive displays you can create. So you can do geographic data,

you can do tabular data. You know, you can do bar graphs, scatter plots. It's
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almost limitless in the things you can do with this particular software.

I included in this example the NARMS Campylobacter data that
we have through 2011. And this is our first attempt at using this to show our
NARMS data. We're hoping to get it on our website so we can share it with
our partners and stakeholders.

And one of the things -- sorry, | think | went a little too far.
Sorry, a little too far. So one of the nice things about this, that | like over the
Xcelsius graphs, is it allows you to individually graph the different sources.
And so when you say you want to look at a specific trend, say, ciprofloxacin
resistance across the two species of Campylobacter and then the three
sources, you can look at specifically each individual line and you can add lines
as you go. And it gives you an individual idea of what the different trends
are, which I think is really useful when we're trying to interpret what's going
on in terms of the trends.

So one of the things -- | will have to say that I've been using this
software for about a year, so I'm still pretty much a novice at this, and | hope
to learn more and we hope that as we learn more, we can provide better
visualization for our partners and our stakeholders. And to that point we
have some ideas of how we can present the data in the future, one being
creating a geographic map of our data. Say you want to look at the different
stores that we're sampling and looking at the prevalence by a given a state,

we can go ahead and map that into the software. And if you wanted to delve
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farther into the data, we can include that map again here and then look at
specific resistance trends and then add the data so you can actually have the
percent resistance in a table format. So I'm hoping, as | learn, | can actually
start creating these and providing it to our stakeholders.

Additionally, one of the ideas we also had was looking at the
MIC shifts over time, so creating bar graphs similar to this, but with our MIC
data and comparing it to our resistance trends over the years and then
looking at the percent, the different MIC distributions, meaning susceptible
versus intermediate versus resistant populations; and then also including
here the bacteria, the sources, you know, maybe the years and months so
you can look at things across the years, and it will give you more of a wealth
of data in a singular tabular format that people can use and really delve into
the data on their own and really experience the different possibilities that
this software can offer us. And | think it's a good way to move forward in the
future in terms of how we use our interactive displays for NARMS.

So, in summary, Tableau, | think, is a better alternative to
Xcelsius. It's easier to use. It's compatible for multiple databases. It has a lot
of dynamic displays you can use. It can handle a large dataset and you can --
the nice thing is you can connect directly to the data, so there's no need to
create any additional work for our epidemiologists. And, hopefully, as we
gain a better understanding of the software, we can hope to provide

stakeholders more novel ways of experiencing the data.
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Thank you.

(Applause.)

MS. RICKERT-HARTMAN: Any questions for Claudine or
Michael?

(No response.)

MS. RICKERT-HARTMAN: Heather Tate is our next presenter.
Dr. Tate is an epidemiologist for the NARMS program at FDA. She came to
FDA in 2008 as a FDA Commissioner's Fellow. Her work focuses on
epidemiological research of antimicrobial-resistant foodborne bacteria and
reporting of NARMS data. She earned her doctorate in biomedical science
from New York University and a master's degree in epidemiology from the
Harvard School of Public Health.

DR. TATE: All right. So I'm going to talk about the new
integrated NARMS report, also known currently as the Executive Report, and
also FDA's plans to do interim Salmonella reporting.

So our Executive Reports have been published since 2003. And
there's a very nice array of all of the reports that we've published. We most
recently published our 2011 Executive Report yesterday. And the Executive
Reports summarize data from all three agencies in a single report. Typically,
they're published with a lag time of about two years. Obviously, yesterday's
publication of the 2011 report was a little bit different, but typically, they're

published with a lag time of two years.
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And the reports are comprised of three main components.
There are data analyses which make up the meat of this PDF report. There
are also the interactive data displays. And Claudine just talked about the
Tableau software that we're using to do that. And then there's also a five-
page -- approximately five-page summary of key findings that we also
incorporate into this PDF report.

And the pathogens we report on in the Executive Report are
Salmonella -- and the data come from all three agencies. Campylobacter as
well, come from all three NARMS-participating agencies. And then we also
provide summarized data on generic or non-serotyped E. coli. And the data
for E. coli come from just the retail and food animal arms of NARMS.

So the process for creating the NARMS Executive Report is as
follows. FDA sends an Excel spreadsheet template to each agency.
Summarized data are entered into the Excel spreadsheet and returned to
FDA. Each agency maintains its own database, and agencies historically did
not have access to each other's raw data. But as Michael Grabenstein
presented in his presentation, this has now changed with the advent of the
interagency database.

So this process outlined here was what we used to create the
2011 report, but moving forward, we expect to rely more on the interagency
database, which again can create these canned reports and hopefully speed

up the time to create the Executive Report.

Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947



194

So for those of you who aren't familiar with the report -- but
I'm sure most of you are -- Salmonella reporting is reported as resistance
levels among all non-typhoidal Salmonella and within each of the top five
human-source Salmonella serotypes that are also recovered from food
animals. And so, typically, these are the top five serotypes that we report on
in the Executive Report. And for Campylobacter, we split the reporting into
susceptibility among Campylobacter jejuni and coli, as those are the
predominant species recovered from humans.

So the data that we present in the NARMS report, we present it
in several different permutations. And this is one of the most common tables
that you'll see in the report, is a resistance by year table. And we have a
table like this for all non-typhoidal Salmonella, for each of the Salmonella
serotypes, for each of the Campylobacter species, and also for E. coli. And
then we also have tables like this that not only show resistance over years for
each individual drug, but we also have a table that shows resistance over
years for multi-drug resistant patterns.

And then this is probably the second-most common table in our
reports, the MIC distribution table. And we have, again, one for each of the
genera in our NARMS Executive Report.

And then we also have some specialized reporting. So we focus
on drugs that are commonly used to treat severe infections in humans. And

for Salmonella, those drugs we focus on are cephalosporins and
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fluoroquinolones. And so we will present the top serotypes that are resistant
to ceftriaxone and nalidixic acid, and we use tables like this to do that. And
then we also will show trends for both ceftriaxone resistance and nalidixic
acid resistance among all non-typhoidal Sa/lmonella and also ceftriaxone
resistance trends in four of the top five serotypes and nalidixic acid resistance
trends in Salmonella Enteritidis, and we'll do that usually with these graphical
displays.

And | just wanted to point out that historically we have
monitored nalidixic acid resistance as a sentinel for fluoroquinolone
resistance. However, with CLSI lowering the breakpoint for ciprofloxacin in
their 2013 document, moving forward we're going to begin highlighting
ciprofloxacin susceptibility instead of nalidixic acid resistance.

And so then again, we're highlighting drugs that are commonly
used to treat severe infections, and for Campylobacter those would be
ciprofloxacin and erythromycin. And so, again, we graphically display the
resistance trends for those drugs. And monitoring for ciprofloxacin resistance
is also important to us as we're trying to follow the results following the
withdrawal of fluoroquinolone for use in poultry in 2005.

So those previous tables | just showed you are tables that
we've actually had in our reports since we first created it in 2003, and we've
made a number of enhancements to the Executive Report over the past few

years.
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Beginning with the 2008 report, we began to incorporate tables
that present the number of isolates resistant by class and agent among the
most common serotypes for each source. And that type of table is shown
here. And then also in 2008, we began to incorporate a table on multi-drug
resistant Salmonella, Campylobacter coli, and Campylobacter jejuni.

In 2009 we began to incorporate the summary of the data in
the Executive Report. Since 2009 we've made improvements in that
summary. In 2010 we made some improvements. In 2011 we've also made
some improvements into how we actually discuss what data is presented in
the reports.

And then with the 2011 Executive Report, we also included an
MIC distribution table for other beta-lactams, and this was included to show
what isolates might be displaying phenotypes that are indicative of extended
spectrum beta-lactamase expression.

And then we've also made a number of enhancements to our
interactive data displays. And Claudine went through those in detail, so I'm
not going to show anything for them. But in 2010, we did offer users the
ability to view resistance levels by Salmonella serotype. And then with the
2011 report -- and, again, those Tableau graphs have not been made public
yet. We're still working on formatting them. But with the Tableau graphs, we
are adding some additional multi-drug resistance graphs. And also, as

Claudine presented, users now have more control over graphing options.
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So now the problems with the current report are, obviously, it's
very data dense. | showed you several types of tables that are in our report,
and if you multiply those by 20, you get our report. So it's very data dense,
and it's hard for those without science backgrounds to understand what
they're looking at. Also, there's no link to risk management in our report. We
briefly touch on policy decisions that have been made in our executive
summary, but we really don't go into depth about the policy decisions or
public health interventions that have resulted from the NARMS findings.

And then our summary does describe increases and decreases
in resistance for important bacteria-drug combinations, but we really don't
explain those increases or decreases, and we don't discuss what we think may
be driving those increases or decreases. And this leaves the door wide open
for misinterpretation of NARMS data.

So, as Mike presented in his talk, we are making strides to give
the data -- sorry -- release the data to the public, isolate-level data to the
public. So then creation of these tables becomes less necessary. But what
becomes extremely essential is making sure that the data are explained and
that CDC, FDA, and USDA's thinking on resistance trends is described.

So then the goal of our new report is that we create one that is
less dense and more focused, more digestible to consumers of the data, less
likely to be misunderstood or misinterpreted, and also increases the ratio of

plain language to technical language.
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Here's our project plan for the new Executive Report. And we
actually already have gone through a number of these steps. As you can see,
we began this project last year. In December, we finished reviewing
exemplary reports from other agencies and countries, and we also reviewed
feedback that we've received from various stakeholders over the years,
feedback on our Executive Reports. And then earlier this year we prioritized
the needs for the report based on that feedback. We determined the best
layout of the report, we finalized the template, and now we're in the process
of receiving data and creating the report. And we expect that the report will
undergo several rounds of review between the fall of this year and winter of
next year. And so our plan is to release the new NARMS Executive Report for
publication by spring of next year. And these are highlighted in red, just to
show those are the steps we've completed so far.

Just to give you a little bit more detail on the exemplary reports
we did review, we reviewed the antimicrobial resistance report from the
Netherlands, the MARAN report. We also looked at the CIPARS report coming
out of Canada. We looked at the Swedish antimicrobial resistance and
antimicrobial use report, Swedres-Svarm. And then we also looked at the
European Union's EFSA antimicrobial resistance report. And then, of course,
we looked at DANMAP, the antimicrobial resistance report coming out of
Denmark, which many consider to be the gold standard for antimicrobial

resistance reporting. And we also looked at CDC's Salmonella surveillance
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report.

The feedback that we've received over the years on our
Executive Reports have come from several stakeholders. | think we've
received comments from all of the spokes of the stakeholder wheel, including
consumer protection groups, representatives from drug industry, animal
health, academia, and public health.

And so with all of that information combined, our research, and
also the feedback that we've received over the years, we came up with the
following decisions on the new features to include in the new report.

Number one. The new report will now be called the
"Integrated NARMS Report." We're doing away with the term "Executive
Report." We feel that "integrated" reflects the integrated nature of the
program a little better.

Also the new report is going to contain extensive background
on the organisms tested, Salmonella serotypes, why resistance is a public
health concern. We will describe measures of resistance and drug classes
that are important to human and animal health.

And then what is currently in the report, the data tables that
are currently in the Executive Report and the interactive displays, they will
essentially comprise the appendices for this new report. So they will be very
narrative heavy.

And we plan to describe resistance levels using defined terms
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such as high, moderate, and low.

| do want to note that the criteria used for these terms -- that
we will use for these terms will not be the same criteria that our Office of
New Animal Drug Evaluations uses to assess the effectiveness of animal
drugs.

We're also going to highlight NARMS research and other
important information such as epidemiological cutoff values and susceptible
dose-dependent values, et cetera.

And we're going to use a better-defined baseline so that we can
compare that given reporting year to historical years. And then we can also
use this baseline to compare across sources.

We're going to incorporate additional resistance data from
Salmonella serotypes that are common to food animals. So, traditionally, we
have not reported specific antimicrobial resistance data for serotypes such as
Salmonella Kentucky, Salmonella Derby, serotypes that are not prevalent in
the human population, but we're going to do that with this new report.

We're also going to incorporate multiple data sources that will
provide context to the story in the report. So we're going to provide food
animal and human demographic data, retail meat production data, and we'll
also be providing outbreak information, the information that Regan had
referred to that is already in the reports, and will be published in peer-

reviewed journals. That will also be incorporated into the new report.
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The report will provide additional guidance for readers. We
will provide better visualizations by integrating graphics that describe the
NARMS program and highlight key findings.

And the initial report, which again is going to come out in
spring of 2015, is going to combine 2012 and 2013 data so we can catch up on
our reporting.

And the new report is going to also include Enterococcus data
from the retail and food animal arms. And the new report is also going to
include the cecal data from the new food animal sampling program, which
began in 2013.

And this is my final slide, just quickly. We recognize again that
the lag in reporting has been an issue. And so in order to make data more
timely for users, in the near future, FDA does plan to release summarized
retail meat data at a semiannual rate. And these will be abbreviated reports.
They won't have the narrative to go along with them. It will be data only, and
that's because the time intervals for these will be too short for us to make
any conclusions about what we're seeing for trends. And so these reports are
going to be data only, coming out at a semiannual rate, and the data we'll
include will be Salmonella prevalence by source and state, prevalence by
source and month, resistance to clinically important drugs, and also multi-
drug resistance.

That's it. Any questions?
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(Applause.)

MS. RICKERT-HARTMAN: Questions for Dr. Tate?

Tom. Thank you.

DR. SHRYOCK: | have a question. So one of the things that
NARMS traditionally has had to work somewhat against is we have animal
isolates -- now we have carcass or some of the more recent cecal data
isolates, which are one pool, and then have obviously those retail meat
pieces, which is another pool, and then the human isolates, another pool.
They're all independent. They are not connected in any epidemiologic way, in
terms of spatial relationship, time, et cetera, and maybe on a year basis, that
sort of thing.

So in terms of the misinterpretation when all the graphs are
easy to manipulate and you might have Salmonella and the serotype and all
the rest -- it looks like it's in A, B, and C --there might still not really be a link.
And maybe that's for the attribution section that's coming up here. But I'm
just wondering how that would be addressed in terms of helping to educate
the reader of the new simplified report that's going to be coming out next
year.

DR. TATE: Right. Yeah, we obviously will have to have some
text providing disclaimers as to the sources of the data and how they differ
and what kind of assumptions can be made when looking at the data in

aggregate form.
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MS. RICKERT-HARTMAN: Nkuchia.

DR. MIKANTHA: One other thing that may be good to consider
is trying to ask the stakeholders for feedback on the new report and also for
yourself to monitor how much the report is being used.

| think the current report is good because, since it's scientific
data, it's quite hard to try to have it solve every one. So it will make it also a
document that's more accessible to the general public, where | see you also
have people who want it for scientific reasons.

So the other thing may be to explain the limitations and say
these are the limitations, this is why we can only provide you these data.

DR. TATE: Yeah. And that's the challenge, that's been the
challenge this whole time, in trying to develop a template for the new report,
is understanding that there are those with highly scientific backgrounds that
are reading the report. But then there are also the laypersons that will read
the report and try to grasp what information they can. So how do we merge
all of that together and make it a report that everyone can read? And so that
does continue to be a challenge, and we haven't written any of the text yet,
but | imagine that is going to be the biggest hurdle to jump.

MS. SMITH DeWAAL: Caroline Smith DeWaal.

There is a recent CDC report that uses, like, smiley faces and
little flat lines and little frowns, but I'm not suggesting you go there.

However, we heard this morning, | think, from Pat McDermott that you may
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be shifting from susceptible, intermediate, and resistant -- like, maybe that's
the smiley face, the flat line, and the frown -- to wild type and the other non-
wild type.

So could you elaborate a little bit on that and how we can
interpret that to the public, not using smiley faces, but as something that is a
way to communicate to the public that wild type is actually good and the non-
wild type is the other type?

Thanks.

DR. TATE: Yeah. And, Pat or Jean, feel free to jump in here,
because that's conversation we've had also internally, is how do we present
wild type versus non-wild type, when people have been used to us talking
about susceptible versus resistant? And the door is still open as to how we're
going to do that. We've thought about maybe just again adding another
disclaimer to the report, saying that when we present wild type, you should
interpret that as being susceptible, even though that's biologically not
technically correct or -- yeah, the door is still open as to how we're going to
address that.

(Off microphone comment.)

DR. TATE: Yes, correct. And Maria, the expert, is jumping up to
answer.

DR. KARLSSON: No, | was just going to say that | will be

covering this in my presentation later today. | will be talking about clinical
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breakpoints and ECOFFs and the difference between them. So we will get
there and we can discuss more.

Thanks.

MS. RICKERT-HARTMAN: Thank you, Heather.

(Applause.)

MS. RICKERT-HARTMAN: So it looks like we have a break
scheduled in here, just a quick 10-minute break. So let's take our break, and
we'll meet back here at 20 after 3:00 for the last session.

(Off the record.)

(On the record.)

DR. McDERMOTT: Hello, everyone. Can we please take our
seats and resume the afternoon session, please?

I quickly would like to introduce this afternoon's moderator,
Dr. Ruby Singh, a friend and colleague at FDA. Dr. Singh received her Ph.D. in
microbiology from the University of Maryland, Baltimore, and a B.S. in
neuroscience from the University of Maryland at College Park. She's a Senior
Regulatory Reviewer/Scientist in the Division of Human Food Safety in CVM's
Office of New Animal Drug Evaluation, and has a long interest in this topic
and a solid understanding of the regulatory side of it, including the
international policy cooperation. So Ruby is going to moderate the session
this afternoon and introduce our first speaker.

DR. SINGH: Thanks, Pat.
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So it's a pleasure to be moderating this afternoon's session on
international collaborations. And it's been a fantastic day so far, full of very,
very good talks, and it's my pleasure to moderate the final session. We have
three fantastic speakers lined up.

So, without further ado, it's a pleasure to introduce
Dr. Steve Solomon, who is currently Director of the Office of Antimicrobial
Resistance in the Division of Healthcare Quality Promotion at the National
Center for Emerging and Zoonotic Infectious Diseases in CDC. Dr. Solomon
currently serves as the co-chair of the federal Interagency Task Force on
Antimicrobial Resistance, and he's had several senior positions at CDC
developing, conducting, and directing collaborative research and
demonstrating programs that are too numerous to mention.

Dr. Solomon.

DR. SOLOMON: Thanks, Ruby.

| already had my time this morning, so I'll be relatively quick. |
don't want to take you into too deep a dive on this, but | do want to make a
couple of points about international issues and global AR.

This is, by the way, our new logo. You can weigh in on that.
We had it designed in-house. It didn't cost the government any money. It's
clearly a graphical design. | really like it. The only thing | worry about is they
say children in the United States have a very poor grasp of geography, and I'm

always worried some kid will see this and say, gee, Ireland's right off the coast
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of Massachusetts. | can probably see it from Cape Cod.

(Laughter.)

DR. SOLOMON: Let's talk a little about the background and the
history of TATFAR quickly and then talk a little bit about some of the
recommendations that pertain specifically to what we're talking about here at
this meeting.

TATFAR was established following a summit meeting that
occurred in 2009 between the U.S. and the European Union. That meeting
largely was around a variety of economic issues. But as one part of a very
broad agenda at that summit meeting, there was a declaration -- a treaty,
really, signed, urging both the U.S. and the European Union to get together
on the issue of antimicrobial resistance viewed as a global problem and an
international threat to health.

Now, since that has happened, as many of you know, there has
been really a tremendous amount of activity, certainly in the United States,
but globally as well. Steve Ostroff, when he spoke this morning, mentioned
what's going on in England. There was recently an announcement from
David Cameron, the prime minister there. We have had in the United States
great support, not just through TATFAR, which I'll talk about in a minute, but
also from a number of individual countries in the EU, not only England but
also Sweden and the Netherlands.

There has been a tremendous increase in interest around the
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world and that, as Steve also mentioned this morning, was reflected in the
fact that at the World Health Assembly, which occurred just this last May in
Geneva, the World Health Assembly voted on a new resolution on
antimicrobial resistance and the development of a global action plan to
address antibiotic resistance as a global health threat. And that is tied in with
what you also may have heard about the global health security agenda, which
has been talked about and about which there will be another meeting of
health ministers here in the United States in Washington -- as a matter of
fact, next month. And that will be aligned. So there's just been an explosion
of interest and real commitment, not just in the United States but around the
world.

But TATFAR was there five years ago. At that summit meeting,
it was determined that three major areas of collaboration were identified,
and those were the appropriate therapeutic use of antimicrobial drugs in
both the medical and the veterinary communities, a focus on prevention of
drug-resistant infections, and strategies to improve the pipeline of new
antibacterial drugs for use in human medicine.

Just to give you just a little bit more background, the actual
TATFAR is composed of 18 members. Nine are from the United States, nine
are from the European Union. During these first few years of TATFAR,
membership within the United States has been within the Department of

Health and Human Services, from FDA, CDC, NIH, as well as the Office of
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Global Affairs in the Department of Health and Human Services. And, in fact,
the co-chairs of the entire TATFAR, one is the DHHS Assistant Secretary for
Global Affairs, who is now Ambassador Jimmy Kolker, and the Director of
Public Health for the European Commission. The acronym for that group,
which is in French, is DG SANCO. So they actually co-chair, and then there are
16 other members evenly split between the U.S. and the EU. For the first
couple of years, the management was housed at the European CDC in
Stockholm. We took that over at CDC in Atlanta earlier this year.

I've gone through that.

The specific objectives of the partnership are to increase the
mutual understanding, on both sides of the Atlantic, on activities and
programs related to antimicrobial resistance, to promote a dialogue on what
we can do together to learn from each other and to talk about problem
solving and, importantly, to promote information exchange in a very rapidly
developing and evolving area of public health.

The first mandate was a two-year commitment. The parties
agreed -- from the period from the summit meeting in 2009 until early 2011
was preparing for this partnership, developing a list of 17 specific areas of
focus and what are called recommendations for what the partners will do
together divided into the three working groups that | outlined: improving
antimicrobial use, preventing infections, and developing new antibacterial

drugs. A group of implementers, specialists, subject matter experts was
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identified for each of these 17 recommendations. And that was the content
of the first report, which was released in 2011, is what are these 17
recommendations? What are we going to work on together?

This past April, we released a two-year update on that report.
The essence of our conversations were that this had been so successful as a
learning experience, as a dialogue between the U.S. and the EU, that
everyone was determined to commit for another two years. So we're now
committed for 2014 through 2016. We went over the 17 recommendations.
Fifteen of the recommendations will continue. Two have been essentially
completed in terms of what we need to get out of them, and one
recommendation, which I'll talk about at the end, has been added.

So | want to talk about the three continuing recommendations
and the one new recommendation which relate really to what we're talking
about here. And the way these are set up, all of these are in the first focus
area, which addresses the use of antimicrobial drugs in medical and
veterinary communities.

The first issue was the need for common measures of
antimicrobial use in veterinary medicine so that we can better compare
information between the U.S. and the EU. So FDA, the European Food Safety
Agency, and the European Medicines Agency agreed to collaborate on looking
at how data is collected in these two areas to these parts of the world and

think about how to do meaningful comparisons. That work has been going
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on. None of this is easy. Again, you remember we talked, and really we've
been talking all day, about how complex these issues are, how difficult they
are. They're difficult from a scientific standpoint, and when you're dealing
with not only two different governments, the U.S. and the EU, but remember,
the European Union is composed of 28 sovereign countries, all of which do
things a little bit differently themselves. So none of these things are easy.

But there has really been meaningful progress in these
interactions in looking at and learning just what people are doing on both
sides of the Atlantic, digging down, if you will, into the weeds, which is
something new. | mean, that is one of the things that on both sides, as we
had various TATFAR meetings, conference calls, people felt they were getting
a lot of out of the interaction because they were digging much deeper and
talking to experts, their counterparts in these other agencies, about details
that they really didn't know before and hadn't plumbed into because this is
such difficult stuff. So that work is ongoing. Those discussions are
progressing. Trying to find these common areas is an ongoing effort. And,
again, you've heard a lot of that during the day.

The second issue was methods for analyzing the risk of AMR in
foodborne pathogens. And this is really focused on collaborating on
implementation of the guidelines in the codex. And, again, the same three
groups, FDA, EFSA, and the European Medicines Agency similarly are working
together and again felt that they were getting a tremendous amount out of
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these bilateral meetings and discussions and digging down really deep into
the scientific exchange for how these issues are handled on both sides of the
Atlantic, the kind of knowledge that's being gained, and trying to look for
areas of comparability, understand the differences. Again, not easy to do,
but very encouraging in terms of the way the participants feel about the
progress that's being made.

And then, thirdly, of the continuing recommendations,
methods to promote appropriate use of antimicrobial drugs. And, again,
you've heard a lot of that discussion here on the U.S. side, and our colleagues
are learning a lot from what we do in the United States because, again, there
are rules that apply to the entire European Union. But then there are also
ways that things are done across the 28 different countries in the EU. And so
that kind of information exchange and how we actually address that is an
ongoing conversation. And my colleague Beth Karp is going to talk a little bit
more about AGISAR and related issues in the next talk.

So there was one new recommendation, so far, that's been
added, and there may be others. But the one new one, | think, is very
significant. And this was actually proposed by our European colleagues. The
issue that they put on the table just this past December was that antibiotic
use in animals can select for antimicrobial resistance that may represent a
risk to man either through direct infection by resistant bacteria or by the

transfer of resistant determinants to other bacteria. The problem is that we
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need much better scientific information about that to understand how to
address this issue. Part of what you've heard all day today -- and tomorrow --
around NARMS clearly is going to provide more insight into that.

But, in addition, the actual recommendation is to establish a
joint working group of international subject matter experts to look specifically
at knowledge gaps in our understanding of this process of -- if you remember
the slide this morning, the left-hand side of the One Health slide -- really the
One Health continuum of humans, animals, and the environment and how
that impacts on human health. We need to understand the transmission to
human beings of antimicrobial resistance arising as a result of the use of
antimicrobial drugs in animals and on the development of effective
intervention measures to prevent this transmission, including, as we've
already discussed -- and | know | discussed with some of you the alternatives
to using antimicrobial drugs.

And you see, one of the things that we're most pleased about is
that joining us now in HHS are our colleagues from the U.S. Department of
Agriculture. And, in fact, they have taken the lead in working with us on this
recommendation. So that, | think, is a testament to the growth of TATFAR
and our commitment to it both in the United States and overseas.

So let me stop there. It's 10 to 4:00. If you have any questions,
| can answer them; otherwise, we'll get the rest of this session on the way.

(Applause.)
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DR. SINGH: Any questions for Dr. Solomon?

(No response.)

DR. SINGH: All right. Then we'll continue with our second
speaker.

It's a pleasure to introduce a former colleague from CVM,

Dr. Beth Karp. Dr. Karp is now a Senior Veterinary Epidemiologist on the
NARMS team at CDC. Dr. Karp has a doctor of veterinary medicine degree
from Cornell University and a master's of public health degree from Johns
Hopkins. She's also board certified in veterinary preventive medicine and
epidemiology. Before joining the NARMS team at CDC four years ago,

Dr. Karp worked at the Maryland Department of Health for five years and at
the Center for Veterinary Medicine for nine years, serving as a coordinator for
NARMS during her last three years at FDA.

DR. KARP: Thanks, Ruby.

DR. SINGH: Okay, Dr. Karp.

DR. KARP: Good afternoon, everyone. It's my pleasure to talk
about the World Health Organization's Advisory Group on Integrated
Surveillance of Antimicrobial Resistance and some of the other work that
WHO is doing to address the problem of antimicrobial resistance, as well as
how NARMS and the agencies involved in NARMS support these efforts.

After a brief introduction, I'll explain what AGISAR is and why it

was formed. I'll then spend some time talking about three key AGISAR
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activities and conclude with a description of other WHO activities related to
antimicrobial resistance.

Antimicrobial resistance is a global problem that requires a
global approach. There's extensive movement of people, animals, and foods
around the world, which provides an opportunity for resistant bacteria to
spread across international borders. As Dr. Solomon said earlier, it's there
today, it's here tomorrow. Therefore, resistance in any country is a global
concern. lItis a problem which impacts both human and animal health.

To better understand the problem of resistance and effectively
address it, we need global surveillance to detect the emergence and spread
of resistance, international data sharing and harmonization so that data from
different regions can be more easily compared, and we need international
cooperation to limit the global spread of resistance.

WHO issued its first global report on antimicrobial resistance
surveillance in April. In a news release announcing the report, Dr. Fukuda,
the WHO Assistant Director-General for Health Security, stated, "Without
urgent coordinated action by many stakeholders, the world is headed for a
post-antibiotic era, in which common infections in minor injuries, which have
been treatable for decades, can once again kill." | will touch upon some of
the many actions that WHO is taking at the global level to address resistance.

Here are a few examples from NARMS that show how resistant

Salmonella abroad impacts us in the U.S. The first example is quinolone-
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resistant Salmonella Enteritidis. Tomorrow you'll hear Allison O'Donnell talk
about quinolone-resistant Salmonella Enteritidis infections in the United
States and how it is strongly associated with international travel. And
Claudine Kabera from FDA will talk about resistant Salmonella Enteritidis in
imported foods.

Another example is a recent detection by NARMS of a
particular strain of Salmonella Kentucky, which is resistant to ciprofloxacin
and other antimicrobials, in several people who traveled or who were visiting
from Africa and Asia where the strain has emerged.

In several earlier studies, NARMS found resistant strains
acquired abroad, including Salmonella with extended-spectrum beta-
lactamases (ESBLs), Salmonella with plasmid-mediated quinolone resistance,
and also typhoidal Salmonella with quinolone resistance, which is now
common as we saw this morning.

Before AGISAR was established, WHO held a number of
consultations and meetings on antimicrobial resistance in the food chain, as
shown on this slide. Some were expert consultations and workshops held
jointly by WHO and FAO, the Food and Agriculture Organization of the United
Nations, and OIE, the World Organisation for Animal Health, which is an inter-
governmental organization responsible for improving animal health
worldwide.

Given growing concerns about antimicrobial resistance in the
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food chain, in December of 2008 WHO established AGISAR, the Advisory
Group on Integrated Surveillance of Antimicrobial Resistance, to support
WHO efforts to minimize the public health impact of resistance associated
with the use of antimicrobials in food animals. The advisory group provides
expert advice to WHO on containing resistance associated with the use of
antimicrobials in food animals and promoting integrated surveillance of
antimicrobial resistance and antimicrobial usage.

| will now briefly take a moment to explain the term
"integrated surveillance." WHO has defined integrated surveillance as a
coordinated sampling and testing of bacteria from food animals, foods, and
clinically ill humans, and the subsequent evaluation of resistance trends
throughout the food chain using harmonized methods. NARMS is one of the
oldest and largest integrated surveillance programs for resistance in the food
chain.

I'll now talk briefly about AGISAR participant subcommittees in
terms of reference. More than 30 experts with a broad range of backgrounds
participate in AGISAR, including physicians, microbiologists, veterinarians,
and epidemiologists. | think there are about four or five AGISAR participants
in the room with us today. The advisory group includes participants from all
six WHO regions and includes representatives from FAO, the Food and
Agriculture Organization; OIE, the World Organisation for Animal Health;

ECDC, the European Centre for Disease Control; and EFSA, the European Food
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Safety Authority. Several NARMS scientists from CDC, FDA, and USDA have
participated in AGISAR.

AGISAR has five different subcommittees: the antimicrobial
resistance surveillance subcommittee, which Pat McDermott co-chairs; the
antimicrobial usage monitoring subcommittee; capacity building and pilot
projects; data management; and risk communication.

The terms of reference for AGISAR are to support WHO
activities on containment of resistance from the food chain, including
capacity-building activities related to integrated surveillance of resistance and
usage data, selection of sentinel sites and the design of integrated
surveillance pilot projects, update the WHO list of critically important
antimicrobials for human medicine, and implement joint activities on
resistance with WHO, FAO, and OIE. I'll describe each of the items
highlighted in orange in more detail during the remainder of my talk.

I'll now spend a few minutes talking about three key AGISAR
activities, which are to support WHO capacity-building activities, maintain
and update the list of critically important antimicrobials for human medicine,
and develop guidance on integrated surveillance of antimicrobial resistance.
We'll first look at capacity-building activities.

WHO and AGISAR conduct a number of activities to help
member countries develop the capacity to conduct antimicrobial resistance

surveillance. This includes providing support for national surveillance
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programs and pilot studies. Support was provided to Brazil in 2013 and to
Mexico in 2014 for establishing national programs for integrated surveillance
of antimicrobial resistance. Support was also provided to a number of
countries in Africa, Asia, the Middle East, and Latin America to conduct pilot
projects on resistance surveillance. The photo on the right is from an
aquaculture pilot project in Vietnam.

In addition to providing support for AGISAR projects, NARMS
staff have also worked directly with other countries on projects and
investigations. NARMS epidemiologists have been working with the Republic
of Georgia on a project on antimicrobial resistance in foodborne bacteria.
And just a few weeks ago several NARMS scientists from CDC traveled to
Kenya to investigate the emergence of ceftriaxone-resistant Salmonella
Typhimurium.

WHO has collaborated with FAO, the Food and Agriculture
Organization, in some field projects to strengthen national and regional
capacities to monitor, regulate, and manage resistance in the food chain.
FAO/WHO projects have been completed in Kenya and Cambodia, both with
tangible outputs. National guidelines on prudent antimicrobial use in food
animals were developed in both countries, and in Kenya a national cross-
sectional antimicrobial resistance task force was established. The approaches
taken to address resistance in Kenya and Cambodia in these projects are

models that can be adapted for implementation in other countries. The
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photo on the right is from the Kenya project, and the bottom of the slide is a
report that was published about the project.

AGISAR also partners with GFN, the Global Foodborne
Infections Network, for some capacity-building activities. GFN is a WHO-
facilitated network of institutions and individuals committed to enhancing the
capacity of countries to detect, control, and prevent foodborne and other
enteric infections, promoting integrated laboratory surveillance and fostering
collaboration among human health, veterinary food, and other relevant
sectors. Both the FDA and CDC are represented on the steering committee of
GFN.

GFN contributes to global efforts to contain resistance in
foodborne pathogens in several ways. GFN collaborates with AGISAR on
developing and teaching antimicrobial resistance training modules. Scientists
from FDA and CDC have taught some of these training modules. Between
2011 and 2013, training was provided to more 200 microbiologists and
epidemiologists from more than 60 countries.

GFN also has lab protocols for resistance testing as well as an
external quality assurance program that includes antimicrobial resistance
testing, which is led by a WHO Collaborating Centre in Denmark. And NARMS
laboratories participate in this program.

We'll now talk about the second key activity of AGISAR, which

is to maintain and update the list of critically important antimicrobials for
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human medicine.

The list was first developed in 2005 in a WHO expert working
group consultation. The list has been updated regularly, and since 2009,
revisions have been made by AGISAR. AGISAR worked on updating the list
this past year, and the fourth revision will be published soon. This list is
intended to help preserve the effectiveness of antimicrobials. The public
health and animal health professionals, practicing physicians and
veterinarians, and other stakeholders can use the list as a reference when
formulating and prioritizing risk assessment and risk management strategies
for containing resistance due to the use of antimicrobials in humans and
animals.

The document includes criteria that are used to rank
antimicrobial agents as highly resistant -- I'm sorry -- critically important,
highly important, and important. The agents in the critically important
category are prioritized so that resources can be directed towards the agents
for which risk management strategies are most urgently needed. The highest
priority agents are the fluoroquinolones, third- and fourth-generation
cephalosporins, macrolides, and glycopeptides.

The document also recommends that antimicrobial classes not
currently used in food animals, such as carbapenems, and any new
antimicrobials that are developed for human therapy should not be used in

animals or plants.
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This is a table from CDC's annual NARMS report that lists
antimicrobial agents that are tested for Salmonella, Campylobacter, and
E. coli. Most of the agents tested are classified as critically important, shown
in red here, and the remainder are classified as highly important, according to
the WHO list.

| did want to mention that OIE, the World Organisation for
Animal Health, has a list of antimicrobial agents of veterinary importance. A
2013 update to the document includes specific recommendations on the use
in animals of fluoroquinolones and third- and fourth-generation
cephalosporins, which are considered critically important for human and
animal health.

In addition to this document, OIE has developed standards on
the prudent use of antimicrobials in terrestrial and aquatic animals and
standards on monitoring antimicrobial use and resistance. Last year, OIE had
the first global conference on the prudent use of antimicrobials in veterinary
medicine.

The last key AGISAR activity | would like to discuss is the
guidance document on integrated surveillance of antimicrobial resistance.
The guidance was developed by AGISAR and published in November. Itis an
important output of the five-year strategic framework for AGISAR and was
developed through a four-year consultative process. The guidance is
intended to provide basic information that countries need to establish
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programs for integrated surveillance of resistance, and it makes
recommendations that facilitate international harmonization and data
sharing. NARMS scientists from CDC, FDA, and USDA helped draft the
guidance.

The guidance has seven sections. The first is on surveillance of
resistance in foodborne bacteria and includes information on both sampling
strategies and laboratory standards. Sections 2, 3, and 4 are on surveillance
of antimicrobial use in humans and animals. Sections 5 and 6 are for
managing data on antimicrobial resistance in use. And the last section is on
how to effectively communicate risk. The fact that three of the seven
sections in the guidance relate to antimicrobial use data reflects how
important these data are, and I'd like to say a little bit more about this.

Antimicrobial use data are important for a number of reasons.
They help us identify trends and regional differences in use, interpret
transient resistance and assess associations between antimicrobial use and
resistance, support risk analysis efforts, help us implement evidence-based
strategies and policies for containing resistance, and evaluate the impact of
judicious use efforts and changes in management practices. And tomorrow
you'll hear Dr. Craig Lewis talk about efforts by FDA, USDA, and CDC to collect
more data on antimicrobial use in food animals in the United States.

Now I'd like to briefly talk about some other WHO activities

related to antimicrobial resistance, starting with WHONET.
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WHONET is a free software package for managing and analyzing
microbiology test results, including antimicrobial susceptibility data. It was
developed by the WHO Collaborating Centre for surveillance of antimicrobial
resistance in Boston. WHONET is currently in use in hospital, veterinary, and
food laboratories in more than 110 countries, and it is available in 20
different languages. You can find more information about WHONET on the
WHO website and also in the guidance document.

This slide shows some of the many recent WHO activities
related to antimicrobial resistance. The focus of World Health Day in 2011
was antimicrobial resistance. The following year, in 2012, WHO issued a
report on the evolving threat of antimicrobial resistance options for action.
And in April, WHO published a global report on resistance surveillance that I'll
talk more about.

As we heard from Dr. Solomon, at the World Health Assembly
in May, a resolution on resistance was adopted. It urged governments to
strengthen national actions and international collaborations to address
resistance, and the resolution also called on WHO to lead the development of
a draft global action plan. Just last month, WHO launched an online
consultation on the draft global action plan, and the aim is to present a draft
plan to the World Health Assembly next year.

This is the report that WHO published in April on the global

surveillance of antimicrobial resistance. This graphic highlights some of the
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information included in the report. The report was WHO's first attempt to
obtain an accurate picture of the magnitude of resistance and the current
state of surveillance globally. The report includes data from 114 countries for
seven common bacteria that cause serious disease. These include three
bacteria monitored by NARMS: non-typhoidal Salmonella, E. coli, and
Shigella. The report describes how high levels of resistance are found
through all regions of the world and how resistance has reached alarming
levels in some areas. The report discusses health and economic impacts of
resistance as well as major gaps in tracking it.

The report makes a clear case that strengthening global
surveillance for antimicrobial resistance is critical, as it serves as a basis for
informing global strategies to contain resistance, monitoring the
effectiveness of public health interventions, and detecting new trends and
threats.

Section 5 of the surveillance report focuses on resistance in
food-producing animals in the food chain. This WHO slide summarizes some
of the key points from Section 5.1 of the report. It describes how major gaps
exist in surveillance and data sharing, emphasizes the importance of
integrated surveillance and the need for global surveillance standards, and it
describes the importance of a multi-sectoral approach to the problem.

There have been longstanding collaborations among WHO, OIE,

and FAO. Recognizing a need for stronger collaboration, these organizations
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established a formal alliance to enhance global coordination of activities that
address health risks at the animal-human-ecosystem interface. Antimicrobial
resistance was identified as one of three priority topics for joint action,
because it is a complex problem that cannot be effectively addressed by one
health sector alone, and it is both the human and animal health issue.

| wanted to briefly mention a publication from the WHO
regional office for Europe, entitled "Tackling Antibiotic Resistance from a
Food Safety Perspective in Europe." This is a very nice primer on
antimicrobial resistance that explains the problem and options for prevention
and containment of resistance in the food chain. It is primarily intended for
policymakers and people working in public health, agriculture, food
production, and veterinary sectors.

A few concluding comments. Antimicrobial resistance is a
complex global problem that requires a multi-sectoral and global approach.
Strengthening global surveillance of resistance is critical for addressing the
problem.

WHO and other international organizations have prioritized
addressing antimicrobial resistance, and WHO is currently developing a global
action plan.

NARMS, one of the oldest and largest integrated surveillance
programs monitoring resistance in the food chain, is working closely with

international partners, including WHO, to help build international capacity for
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monitoring resistance in the food chain through initiatives such as the Global
Foodborne Infections Network and AGISAR.

We're also working with international partners to identify and
investigate emerging resistance. We work particularly closely with our
neighbors to the north, from CIPARS, the Canadian Integrated Program for
Antimicrobial Resistance. We now have working groups, interagency working
groups for both microbiology and epidemiology with CIPARS. NARMS is also
working to harmonize resistance testing and reporting to facilitate
international data sharing. And Dr. Maria Karlsson will talk more about that,
about some of these efforts.

And with that, | will conclude my talk. Thank you.

(Applause.)

DR. SINGH: Thanks, Beth.

Are there any questions for Dr. Karp?

(No response.)

DR. SINGH: | have a question, yeah, just on the statement that
you had about the recommendation for not allowing use of any new
antimicrobials that are being developed for use in humans should not be
developed for further use in animals. Is that also taking into consideration
any outcomes of any risk management or risk assessment process?

DR. KARP: This was a broad statement that was in the critically

important document, and it talks about the classes, | believe, the specific
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wording, and it mentions carbapenems and two other classes specifically and
then had that broader statement about new classes that are specifically
developed for use in humans. So that's as much detail that's currently in the
document.

DR. SINGH: Okay. All right, thank you. Great. Thanks,

Dr. Karp.

So we'll move on to our third speaker, Dr. Maria Karlsson.

Dr. Karlsson is a research microbiologist with the National Antimicrobial
Resistance Surveillance Team at CDC. Her research interests include the
characterization of antimicrobial drug-resistant bacteria, mechanisms of
resistance, and studies of the biological cost of antimicrobial drug resistance.
And Dr. Karlsson will be talking today about the NARMS breakpoint-setting
studies and EUCAST synergies.

Thanks.

DR. KARLSSON: Thank you.

So the last talk of the day is going to be on breakpoint-setting
studies and EUCAST synergies. However, | am going to start by talking a little
bit about antimicrobial susceptibility testing in general, or AST for short.

So, as you know, AST may be performed for different purposes.
The primary purpose is to help predict outcome of therapy, but it can also be
used for epidemiological purposes, including monitoring resistance
development, detection on new resistant variants, and for the comparison of
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trends among geographic areas and healthcare facilities.

Currently, the most widely used testing methods include agar
and broth dilution techniques and diffusion methods such as E-test and disk
diffusion. However, in order to obtain consistent and comparable AST data,
these methods have to be performed using standardized conditions. So this
includes using a standardized concentration of the test bacteria, using
standardized concentrations of the drug of interest. The testing has to be
performed under consistent standardized conditions, and appropriate control
isolates should be included to validate the accuracy of the test conditions.

Currently, a number of competent bodies provide instructions
for performing AST, and some of these methodologies are being published
both nationally and internationally. The major international contributors to
AST today are the CLSI, the Clinical and Laboratory Standards Institute; and
EUCAST, the European Committee on Antimicrobial Susceptibility Testing.
However, there are also many organizations at the national level that make
important contributions, such as the British, French, and German committees.

So, if we look closer at CLSI, it has separate standing
subcommittees to consider AST in human and veterinary medicine. They
publish standards and guidelines for AST, including interpretative criteria.
Documents are produced by experts and working groups under the direction
of a consensus committee. And the human AST subcommittee is composed

of experts from regulatory and public health agencies, pharmaceutical and
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diagnostic industry, clinical microbiology labs, academia, healthcare
providers, and educators, et cetera. And you can find more information
about this at their webpage.

EUCAST is a standing committee organized by ESCMID and the
European CDC. And ESCMID stands for the European Society of Clinical
Microbiology and Infectious Diseases. It's led by a steering committee, which
also is the decision-making body, supported by a general committee with
representatives from European and other countries, including Australia and
the U.S. And the U.S. is represented by a national AST committee called
USCAST.

EUCAST also publishes standards and guidelines for AST,
including interpretative criteria. And EUCAST also functions as the breakpoint
committee for the European Medicines Agency (EMA). And you can find
information about EUCAST on their webpage, eucast.org.

When it comes to AST interpretative criteria, both CLSI and
EUCAST define clinical breakpoints. However, although CLSI and EUCAST
share a common definition of clinically susceptible and resistant, the way the
breakpoints are presented differ. While CLSI defines resistance as greater
than or equal to a certain concentration, EUCAST defines resistance as just
greater than a certain concentration.

In addition, CLSI recently introduced a fourth category of

clinical breakpoints called S-DD, susceptible dose-dependent breakpoints.
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And as the name implies, these breakpoints are associated with the use of a
specific optimized dose. EUCAST currently does not have an S-DD category.
However, EUCAST defines a completely different set of interpretative criteria
called epidemiological cutoffs, or ECOFFs or ECVs.

ECOFFs differ from clinical breakpoints, and this slide here
shows you how. So while clinical breakpoints are intended to guide the
therapy, ECOFFs do not take into consideration any data on dosages or
clinical efficacy but are aimed at optimizing the phenotypic detection of
isolates with acquired resistance.

Also, as you might know, several different datasets are
required to establish a clinical breakpoint. You need the laboratory
susceptibility data, you need clinical outcome data, and you need
pharmacological properties of the drug, PK/PD data. This is in contrast to
ECOFFs, which are completely based on the microbiological data, the
susceptibility data.

Thus, the ECOFF distinguishes between organisms with and
without phenotypically expressed resistance mechanisms. The ECOFF is
expressed as wild type greater than -- less than or equal to a certain
concentration, and it will categorize isolates as wild type or non-wild type. So
there is no intermediate category when it comes to ECOFFs.

The ECOFF is based on the testing of large numbers of isolates

from different institutions and areas to determine the MIC range of the wild-
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type population. And the ECOFF is then defined as the highest MIC value of
the susceptible wild-type population. ECOFFs have been determined for a
large number of organisms and drugs, and you can find all of this information
and the lists of ECOFFs at the EUCAST webpage.

ECOFFs, as | mentioned, are currently being used for sensitive
detection or screening for resistance. They are also an important tool in the
determination of clinical breakpoints where the ECOFF will sort of set the
floor for the susceptibility breakpoint.

ECOFFs can also be used for surveillance of antimicrobial
resistance when clinical breakpoints are not sensitive enough, if they have
not been determined. And ECOFFs can also be used for harmonization
purposes if clinical breakpoints differ between systems such as CLSI and
EUCAST, or when breakpoints differ for humans and animals, for example.

This slide here is just to again illustrate the difference between
clinical breakpoints and epidemiological cutoffs. And as you can see, an
isolate defined as being non-wild type might still be classified as clinically
susceptible.

Now I'm going to switch over and talk a little bit about NARMS
involvement in CLSI and EUCAST and how our data can be used to inform
clinical breakpoint and ECOFF setting. And | am going to start by talking
about our involvement in CLSI. And since NARMS is the only nationwide

source of information on resistance in intestinal infections, we think it's really
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important to share our data with this organization to facilitate development
of AST guidelines and interpretative criteria.

So since NARMS was initiated, NARMS researchers have been
represented on various CLSI AST working groups. We have shared MIC data
to support clinical breakpoint development and revisions. And these parts
also included doing special studies where we performed disk diffusion to
establish MIC disk correlates. And we have also contributed data for well-
characterized resistant variants to CLSI. Finally, we have been involved in
developing and optimizing AST assays and methodologies.

And these are three more recent examples where NARMS has
contributed data for clinical breakpoint development. And I'm going to say a
few words about each one of these.

So the first one is related to Salmonella and azithromycin. The
CLSI human AST subcommittee recently developed clinical breakpoints for
Salmonella enterica serovar Typhi and azithromycin. And here, the NARMS
data played an integral role supporting the breakpoint determination.
Clinical outcome versus MIC data were only available through studies
performed in Asia, but in all of these studies, testing was performed with
E-test, which is not an approved CLSI reference method. However, broth
microdilution test results from NARMS supported the data from Asia, and
through our collaboration with EUCAST, a similar ECOFF could be derived for

both distributions using standardized statistical methods.
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To further validate the E-test data, we investigated the
correlation between E-test and broth microdilution, and work in our lab
showed that E-test results were comparable to broth microdilution data.

Finally, NARMS performed disk diffusion testing on a number of
Salmonella isolates to evaluate the correlation between zone diameters and
MICs. And these data, along with the corresponding data from Asia, led the
CLSI committee to approve a susceptibility breakpoint of 16 pg/mL for MIC
testing and a breakpoint of 13 mm for disk diffusion testing for Typhi and
azithromycin. And this decision was made in June this year, and these new
breakpoints are going to appear in next year's version of CLSI Document
M100.

NARMS has also made contributions toward the establishment
and revision of fluoroquinolone breakpoints. NARMS researchers partnered
with CDC epidemiologists to provide the laboratory and clinical data that led
CLSI to revise the clinical criteria for resistance for ciprofloxacin and
Salmonella a few years back. NARMS data also played an integral part in
setting the MIC breakpoints for levofloxacin and ofloxacin, and we have
performed special studies to suggest disk diffusion breakpoints for
levofloxacin and ofloxacin as well. Finally, for this project we were able to
provide MIC data for emerging resistant variants, which CLSI found incredibly
valuable and useful.

When it comes to Campylobacter, NARMS researchers have
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been greatly involved not only in breakpoint development but also in the
development of standardized testing methodology. Although Campylobacter
was first recognized as an important human pathogen in 1972, standardized
susceptibility testing methods were not available until 2004 when NARMS
researchers, in collaboration with other partners, published guidelines. One
year later, NARMS followed up with a publication on broth microdilution
testing guidelines for Campy, including quality control ranges for 14
antimicrobial agents.

Today, both CLSI and EUCAST provide guidance and
interpretative criteria for Campylobacter jejuni and coli, and there are also
guidelines available from national committees such as the British and French
programs. In addition, EUCAST recently developed a disk diffusion method
and clinical breakpoints for ciprofloxacin, erythromycin, and tetracycline.

The CLSI guidelines for Campylobacter, which can be found in
CLSI Document M45, are currently undergoing revision. NARMS is
represented on this working group, and we have also been highly involved in
the development of a new CLSI disk diffusion method where breakpoints for
erythromycin, ciprofloxacin, and tetracycline are being developed.

Finally, I'm going to say a few words about our work and our
collaborations with EUCAST. So one important objective of NARMS is to work
closely with international partners to harmonize antimicrobial resistance

testing and reporting and to facilitate data sharing. And NARMS has, since
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many years back, a very good relationship to EUCAST where we have shared
data and performed collaborative projects.

NARMS recently contributed Campylobacter MIC data to help
EUCAST update MIC distributions and ECOFFs. And we are currently working
on a project looking at wild-type distributions of Salmonella, different
Salmonella serotypes.

Another very successful collaboration with EUCAST was related
to Salmonella and the detection of fluoroquinolone-resistant variants --
sometime ago, both fluoroquinolones. And CLSI identified limitations with
using the ciprofloxacin and nalidixic acid disks to detect isolates with acquired
fluoroquinolone resistance.

As a response to this, EUCAST and NARMS researchers
performed a study where we evaluated 16 different quinolone and
fluoroquinolone disks for their ability to detect resistant variants. And results
from this investigation indicated that the pefloxacin 5 pg disk was the best
candidate.

So we continued to investigate the performance of the
pefloxacin disk assay by evaluating disks from different manufacturers, their
performance on different media, and the inter-lab variation associated with
the assay. And it turned out to be a very robust test that right now
represents the best way of detecting Salmonella isolates with an acquired

fluoroquinolone resistance mechanism. This pefloxacin screening assay has

Free State Reporting, Inc.
1378 Cape St. Claire Road
Annapolis, MD 21409
(410) 974-0947



237

already been implemented by EUCAST earlier this year, and it was approved
by CLSI in June of this year, and it's going to appear in next year's M100
document.

So, to summarize, CLSI and EUCAST are the major international
bodies establishing AST guidelines and interpretative criteria. Both CLSI and
EUCAST define clinical breakpoints. In addition, EUCAST defines
epidemiological cutoffs (ECOFFs), which are primarily used for surveillance
purposes.

NARMS data are used to inform breakpoint-setting studies and
revisions. The large nationwide collection of isolates, along with the
molecular data on resistance mechanisms, make NARMS data valuable.
NARMS will continue to work closely with international partners, like EUCAST,
to facilitate data sharing, AST method development, and harmonization.

With that, | thank you for your attention and will be happy to
try and answer any questions. Thank you.

(Applause.)

DR. SINGH: Thank you, Dr. Karlsson.

Are there any questions?

DR. SHRYOCK: Tom Shryock, Elanco.

Usually during the process of setting clinical breakpoints for
CLSI, there is a presentation on clinical effectiveness and something on

pharmacology. | was not able to attend the June CLSI AST subcommittee
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meeting. Perhaps that was in the agenda minutes or meeting pre-reads.
Would you be able to provide any insight into those two parameters that
would be part of the triad that is used to derive clinical breakpoints?

DR. KARLSSON: Yes. So that is correct. So they usually
consider three different sets of data, you know, the clinical outcome versus
MIC data, the susceptibility data, and the PK/PD modeling data. So you're
asking specifically about -- I'm sorry.

DR. SHRYOCK: The PK/PD data and clinical effectiveness data
look like, on your scatter-gram up there, everything was pretty much in the
susceptible box. There wasn't anything that you could even attribute to or
would suggest that there was any resistance in any of the isolates there. So
I'm just wondering how that actually was set when you look at clinical
effectiveness and the pharmacology for the doses that were administered to
the patients, because you'd have bloodstream infections, correct?

DR. KARLSSON: So you are referring to the azithromycin
breakpoints, right?

DR. SHRYOCK: The new ones that were set there for
azithromycin for Salmonella.

DR. KARLSSON: Yes, correct. Yes. So there are currently no
PK/PD data available. | mean, optimally, you want to have all of these three
datasets to establish a clinical breakpoint, but sometimes they are not

available. For example, if we look at Campylobacter, that's the same thing
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there. Clinical outcome data and PK/PD data are lacking. So then the
breakpoints will be determined -- the susceptibility data will be the base for
the decision. So for azithromycin, there were actually no PK/PD or modeling
data available.

DR. SINGH: Any additional questions?

(No response.)

DR. SINGH: Okay. Thank you. And if you could just join me in
giving our three speakers a round of applause. Thank you.

(Applause.)

DR. McDERMOTT: Well, thank you to all of our speakers and
our moderators today, and thank you to our last afternoon speakers from
CDC for giving us the gift of an early dismissal today. So | think it's always
good to end a little early if you can.

| think, Heather, as far as returning to the hotel for those from
out of town, is there a time --

DR. TATE: Five o'clock.

DR. McDERMOTT: Five o'clock. So the shuttle will be here at
five o'clock to return those who came in on the shuttle this morning. And we
will meet again tomorrow at 8:15 and do it again.

Thank you, everyone.

(Whereupon, at 4:34 p.m., the meeting was adjourned, to be

reconvened on Thursday, August 13, 2014.)
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