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JOHN R. LAMONTAGNE
1943-2004

This symposium is dedicated to the memory and legacy of
John R. LaMontagne, Deputy Director of the National Institute
of Allergy and Infectious Diseases (NIAID) of the National
Institutes of Health.

As a quiet but tireless champion, he helped to spearhead some
of the most important recent global efforts to fight infectious
diseases and to improve the health of children and adults
everywhere. For nearly 30 years, John’s thoughtful demeanor
and even-handed approach led the way in tackling some of
nature’s greatest challenges to humankind. His influence has
been incalculable on both national and international programs
related to the development of vaccines for pertussis, rotavirus,
AIDS, influenza, and malaria; new drugs for tuberculosis; and,
more recently, biodefense research. In all of his work, John
brought the human and public health dimensions to the efforts
of laboratory research. He served the nation and the world
immeasurably well, and we are better for it.

For the leadership, wise counsel, humor, and friendship that he
shared with us and so many others, we are deeply grateful.

vil
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INTRODUCTION

JOHN R. LA MONTAGNE MEMORIAL SYMPOSIUM
ON PANDEMIC INFLUENZA RESEARCH

The Institute of Medicine (IOM) of the National Academies of Science held a symposium,
in memory of Dr. John R. La Montagne on April 4-5, 2005, to discuss the current state of the art
of research on pandemic influenza and to identify gaps in research. The symposium serves as a
first step of discussion towards a combined and coordinated research effort among Department
of Health and Human Services agencies, other governmental agencies, international partners and
the private sector. The statement of task that guided the Symposium agenda included these
specific questions:

1. What is the current state of the science on pandemic influenza research?
2. What are the pressing unmet scientific questions and technical issues?

3. What administrative, logistic or legal impediments exist that block progress towards the
development of interventions to respond to pandemic influenza?

4. How can collaboration among Global Health Security Action Group nations be strengthened
to address unmet scientific questions and technical issues related to research on pandemic
influenza?

5. What do experts believe are the most important next steps to take to advance research on
pandemic influenza?

The Symposium was funded by the Department of Health and Human Services, Office of
Public Health Emergency Preparedness, the Vaccine Program Office, and the National Institute
of Allergy and Infectious Disease, National Institutes of Health.

Dr. Harvey Fineberg, President of the Institute of Medicine moderated the workshop,
which included plenary presentations from leading experts. Following the plenary sessions,
symposium participants engaged in working group discussions on a number of topics.

Day 1

1. Influenza Virulence and Antigenic Change

2. Controlling Animal Influenza and Decreasing Animal-to-Human Transmission

3. Influenza Diagnostics for Surveillance

4. Treatments and Immunotherapies — Antivirals and Non-Specific Approaches

Copyright © National Academy of Sciences. All rights reserved.
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Day 2

1. Immunology, Assay Standardization, and Correlates of Protection

2. Pandemic Vaccines — Assessment, Development and Production Strategies

3. Strategies to Contain Outbreaks and Prevent Spread

4. Virus Transmission: Understanding and Predicting Pandemic Risk

Each working group was directed to:

e identify research needs broadly in the topic area;

e select the highest priority activities that should be accomplished in the immediate term
(1-2 years), short term (5 years), long-term (10 years); and

e provide input on approaches and potential timelines to address those priority needs.

An expanded list of specific questions for each workgroup was also provided.

A chairperson, topic briefer, and rapporteur, were assigned to each working group to
facilitate the discussion. The working group briefer provided an overview of the state-of-the art
(what is known) and the gaps (what is not known) in the working group area to frame the
discussion. The rapporteur synthesized the discussion and provided an oral presentation of the
working group’s research priorities to the plenary.

The Proceedings of the John La Montagne Memorial Symposium on Pandemic Influenza
Research Gaps represents a slightly edited transcript of the plenary presentations, rapporteur
presentations, plenary discussion and presentation slides. It is not an official report of the
National Academy of Sciences, the National Academy of Engineering, the Institute of Medicine,
or the National Research Council (the “National Academies’). Opinions and statements included
in the transcript are solely those of the individual persons or participants at the workshop, and are
not necessarily adopted or endorsed or verified as accurate by the National Academies.

Appendix A contains short biographies of plenary speakers and Appendix B provides a
list of the individuals who attended the symposium. The Symposium agenda follows.
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JOHN R. LAMONTAGNE MEMORIAL SYMPOSIUM
ON PANDEMIC INFLUENZA RESEARCH
April 4-5, 2005
INSTITUTE OF MEDICINE

Day 1- April 4, 2005

8:30 | 8:45 | Welcome and Introduction Dr. Harvey Fineberg
President, Institute of Medicine
8:45 |9:00 | Welcome Honorable Michael O. Leavitt
Secretary,
U.S. Department of Health and Human
Services
9:00 | 9:15 | Meeting Objectives Dr. Bruce Gellin
Director, National Vaccine Program
Office
9:15 | 9:45 | Current Status of Avian Influenza Dr. Julie Gerberding
and Pandemic Threat Director, Centers for Disease Control and
Prevention
9:45 | 10:15 | Meeting the Challenge of Pandemic | Dr. Jesse Goodman
Vaccine Preparedness: An FDA Director, Center for Biologics
Perspective Evaluation and Review
U.S. Food and Drug Administration
10:15 | 10:45 | Global Pandemic Preparedness Dr. Klaus Stohr
Research Efforts Global Influenza Programme,
World Health Organization
10:45 | 11:00 | Discussion Dr. Harvey Fineberg
11:00 | 11:30 | The Role of NIH Research in Dr. Anthony Fauci
Pandemic Influenza Preparedness Director, National Institute of Allergy

and Infectious Disease, National
Institutes of Health

11:30 | 3:30 | Concurrent break-out groups 1-4
(with working lunch)

Group 1 (NAS Room 150): Influenza Virulence and Antigenic
Change

Group 2 (NAS Board Room): Controlling Animal Influenza and
Decreasing Animal-to-Human
Transmission

Group 3 (NAS Lecture Room): Influenza Diagnostics for Surveillance

Group 4 (NAS Members Room): Treatments and Immunotherapies —
Antivirals and Non-Specific Approaches

3:30 | 5:30 | Working group 1,2,3,4 Dr. Harvey Fineberg

reports to the plenary

6:00 | 9:00 | Reception in the Great Hall
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JOHN R. LAMONTAGNE MEMORIAL SYMPOSIUM
ON PANDEMIC INFLUENZA RESEARCH
April 4-5, 2005
INSTITUTE OF MEDICINE

Day 2-April 5, 2005

8:30 | 9:00 | Modeling and Pandemic Professor Neil Ferguson
Preparedness Professor of Mathematical Biology
School of Medicine
Imperial College of London
9:00 | 9:30 | Clinical trials of potential pandemic | Dr. John Treanor
vaccines-key issues Associate Professor of Medicine,
and of Microbiology and Immunology
University of Rochester Medical Center
9:30 | 10:00 | Research Issues in Animal Dr. Robert Webster
Surveillance Professor and Chair, Department of
Infectious Diseases, St. Jude’s
Children’s Research Hospital
10:00 | 10:15 | Break
10:15 | 2:30 | Concurrent break-out groups 5-8
with working lunch
Group 5 (NAS Board Room): Immunology, Assay Standardization,
and Correlates of Protection
Group 6 (NAS Room 150): Pandemic Vaccines — Assessment,
Development and Production Strategies
Group 7 (NAS Members Room): Strategies to Contain Outbreaks and
Prevent Spread
Group 8 (NAS Lecture Room): Virus Transmission: Understanding and
Predicting Pandemic Risk
2:30 | 4:30 | Working group 5,6,7,8 reports to Dr. Harvey Fineberg
the plenary
4:30 | 6:00 | Preparation for Pandemic Dr. Harvey Fineberg

Influenza: Filling the Gaps in
Knowledge and Understanding
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MEETING OPENING REMARKS

Dr. Harvey Fineberg, President, Institute of Medicine

Good morning and thank you for joining me for this Pandemic Influenza Research
Symposium dedicated to the memory and legacy of John R. LaMontagne. John was a giant in
infectious disease and vaccine research. He made extraordinary contributions to the development
of swine flu vaccine, the whooping cough vaccine and vaccines against childhood diarrheas and
pneumonia. He was a dedicated public servant and mentor to many. In all of his work, John
brought the human and public health dimensions to the efforts of his research. He served the
nation and the world immeasurably well, and we are better for it.

I know for many of you, the memory of John and his quiet but tireless efforts to fight
infectious diseases and to improve the health of people everywhere has brought you here to give
of your time and intellectual efforts to advance his work. As you know, fighting influenza was
one of John’s passions. He recognized influenza as a constant challenge to the health of our
nation and the world and that the possibility of a pandemic outbreak related to new influenza
strains, to which there is little immunity in the population, is as an ever-present threat. It is that
threat that brings us here today to take stalk of where we are and where we need to be in order to
be better prepared to respond when that threat becomes a reality.

Over the next two days you will discuss in the working groups the current state of the art
of research on pandemic influenza and identify gaps in research on influenza virology,
immunology, diagnostics, antiviral drugs, surveillance/transmission, vaccines and their
production, and strategies to contain outbreaks and prevent spread. We are seeking in the
workshops to develop and refine everyone’s best thinking on the most glaring research gaps for
each topic and develop ideas for how to progress in closing those gaps in the short and long term.
While we will not adopt any formal recommendations, we intend for each participant from the
public or private sector to emerge with a clearer idea of the constructive roles they can play in
influenza research and preparedness.

The success of this Symposium will rely upon candid, open discussions among the range
of experts present. In this spirit, I would like to note that we are joined by a few members of the
press who have continually followed the ongoing topic of pandemic flu preparations. Because we
wish to encourage free and unfettered discussions throughout the symposium, we have stipulated
that all remarks made during the plenary sessions and individual working groups must be
considered on background only and not for quotation or attribution. Of course, any individual
participant who wishes to engage in one-on-one interviews with reporters on the record may do
SO.

It is now my pleasure to introduce the Honorable Michael O. Leavitt Secretary of the
Department of Health and Human Services.
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2

PLENARY SPEAKERS, DAY 1

OPENING REMARKS

The Honorable Michael Leavitt, Secretary of the
Department of Health and Human Services

Thank you, Harvey, for that kind introduction (Harvey Fineberg, President of the Institute
of Medicine).

This meeting is a tribute to a man who was a friend to many in this room, Dr. John La
Montagne. You all know how his brilliant work helped save people from many diseases. While
working on one of these projects, he told a colleague, "It's good that we're doing this. But if
anything is going to get us, it will be the flu."

I am also especially pleased to have the opportunity to share the podium with Dr.
Fineberg this morning. Because, as he knows, I have learned many lessons from his excellent
book: The Epidemic that Never Was: Policymaking and the Swine Flu Scare.

I know that many of you have dedicated your careers to this field. In the short time that I
have been Secretary of Health and Human Services, I have become acutely aware of the
disastrous public health impact that an influenza pandemic could have throughout the world.
This is one of the most urgent health challenges we face, and I've made it a top HHS priority.
Recently, I increased my briefing frequency on the flu to daily.

While much of our attention is focused on the HSN1 virus in Asia, I know very well that
it is not the only flu threat we face. Many of the lessons that we learn from it will prepare us for
annual influenza as well as for other potentially pandemic influenza viruses that may emerge in
the future.

President Bush also understands the gravity of our situation. In fact, the United States
government has made significant progress on pandemic influenza since he took office. We have
increased spending on influenza tenfold over the past 5 years. We have added flu vaccine and flu
drugs to the stockpile and made influenza part of regular public health discussions.

In order to increase our readiness against a pandemic strain of influenza, last Friday, on
my recommendation, President Bush added pandemic influenza to the list of quarantinable
events. This gives HHS the authority to take steps to prevent people with a new or reemerging
influenza virus from infecting others by stopping them at our borders.

As we learned from CDC in last week's Morbidity and Mortality Weekly Report, there
was a silver lining in last season's influenza vaccine situation. Despite the fact that we lost nearly
half of our expected influenza vaccine supply, careful management of the available supply
allowed this vaccine to be directed to the most vulnerable members of our population. We also
sought out additional vaccine produced by foreign manufacturers and made arrangements to use

7
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it if needed. I applaud the remarkable effort that this took, and the close working relationship
between our agencies, the vaccine companies, state and local health officials, and healthcare
providers that made it possible.

In spite of such challenges as that one, we've made great progress on influenza
preparedness over the past few years. Flu preparation is an international responsibility, and I
know many of you are involved in projects around the world.

My study of this matter has been short in duration by intensive, and the best in the world.
Flu virus is a networked enemy. We must fight it with a networked army.

The United States will take precautions necessary to protect this country but we know our
success is dependent on others protecting their own countries.

When you fight a networked enemy, a mainframe response will not do. Let me just
mention a few steps we've taken here in the United States:

e HHS is working to bring more influenza vaccine manufacturers into the domestic market
through the joint efforts of CDC, FDA, NIH, our National Vaccine Program Office (NVPO),
and the Office of Public Health Emergency Preparedness.

e We're working to accelerate the development of new influenza vaccine formulation and
production techniques that will allow us to have a flexible surge capacity to make the doses of
vaccine that we would need in a pandemic.

e We're devoting an unprecedented amount of resources to vaccine research, development, and
procurement, and we want to increase the routine seasonal use of influenza vaccine for all
who would benefit from it.

¢ On Friday, I was delighted to announce a contract with Sanofi Pasteur for the development of
an influenza vaccine produced in cell culture rather than eggs.

We're doing all we can to ensure that Americans are healthy and protected against the flu.
And everything we do to improve our approach to seasonal influenza prepares us to respond to
an influenza pandemic.

In the past century, the world experienced three global outbreaks, or pandemics, of
influenza. The recent emergence and persistence of a new influenza virus in birds in Asia and its
infection of a limited number of humans with a high mortality rate has raised concern among
scientists and public health professionals about the possibility of another pandemic influenza.

Dr. Julie Gerberding will talk more about this situation later this morning.

I am sure that most of you have seen the HHS draft Pandemic Influenza Preparedness and
Response Plan we released last August, and I know that many of you have submitted comments.
We're grateful for all of your input. I expect we will have the next revision out in the next few
months. I am hopeful that the discussions and deliberations at this important meeting will feed
into this effort.

And as part of our commitment to preparedness against the possibility of a pandemic, I
am pleased to report that NIH has very recently begun clinical trials of a vaccine specifically
designed against the HSN1 strain of avian influenza that is currently circulating in Asia. We have
also gone ahead and produced 2 million doses of this vaccine in bulk. You will hear more about
these efforts from Dr. Fauci later this morning.
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Since we don't know where or when a pandemic may originate, we have enhanced our
surveillance network across the globe, but especially in east and southeast Asia, where we at
HHS have people on the ground who are working with local researchers, clinicians, and
governments. We are also in daily contact with the World Health Organization Secretariat in
Geneva and its regional offices in Manila and New Delhi. We at HHS have experts on short- and
long-term assignments to W.H.O. headquarters and the W.H.O. Country Office in Vietnam.

I've begun meeting with health ministers and ambassadors from affected countries, and
soon I will begin to visit their countries. In May, I will also travel to the World Health Assembly,
where pandemic influenza preparedness is on the agenda; I am convening a special meeting of
health ministers from affected and donor countries to coordinate planning on influenza, followed
by a technical meeting of experts the next day. Influenza will continue to be an important topic in
all my discussions with my counterparts.

Needless to say, I've gained a much greater appreciation for how important your work is.
We have learned so much in recent years about how to assess and respond to flu outbreaks, but
we also have much more work to do. I am glad that all of you are engaged in these research and
public health activities, and glad that you've come together today to compare notes and help us
reexamine and reset the direction of our collective efforts.

While pandemics have happened several times in the past, never before have we had all
of the tools of today. Never before have we possessed the wealth of knowledge on the problem
and the ability to prepare. The challenge is immense, but so is our will to protect and preserve.

The outcome of this conference will be extremely important and will help guide us all in
our work toward improving our ability to prepare ourselves. I look forward to being able to
present a brief report on this symposium to my fellow health ministers when we meet at the
World Health assembly next month.
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MEETING OBJECTIVES

Dr. Bruce Gellin, Director, National Vaccine Program Office

As you just heard from Secretary Leavitt, the Department of Health and Human Service
is devoting unprecedented focus on pandemic influenza preparedness. In addition to our work
and the many activities that you'll hear about during this meeting, other countries and
international organizations are also stepping up to the plate. As individual nations and as a global
public health community, we are now better prepared to detect and respond to an influenza
pandemic, but we clearly have to do more.

Secretary Leavitt also reminded us that the draft pandemic influenza plan issued last
summer is now being revised to more clearly articulate the roles and responsibilities at each
stage of an emerging pandemic and provide clearer guidance to state and local health
departments, the healthcare sector and the public. In addition, the updated plan will conform to
the new format proposed by the World Health Organization (WHO) which will facilitate
international communication before and during a pandemic.

Like the pandemic influenza plans of many countries, our plan has had a long incubation
period. In 1995, under John La Montagne's leadership, the National Institutes of Health
convened an international meeting to examine available data, identify critical scientific issues,
and frame research questions to address gaps in knowledge vital to controlling pandemic
influenza. Many of you participated in that meeting in December 1995, and much has happened
since, but it is worth reviewing a few of the nearly 20 recommendations as they appeared in the
1997 supplement to the Journal of Infectious Disease (JID):

e Improve or sustain international surveillance efforts, particularly in Asia and the Pacific Rim.

e Improve our understanding of the role of humeral, cellular and mucosal immunity in
protection against exposure to influenza, especially in immunologically naive populations.

e Determine immunologic correlates of protection for live attenuated influenza virus vaccines.
e Improve our understanding of the molecular basis of pathogenesis of pandemic strains.

e Manufacture and clinically test new, inactivated vaccines made from selected novel influenza
viruses that have pandemic potential.

e Evaluate the effectiveness of using less than 15 micrograms of the current inactivated vaccine.

In addition to the specific research priorities was the overarching recommendation to
establish a mechanism to facilitate collaboration among international laboratories -- to share
reagent strains and new technological advances and to enhance overall capacity and capability.
Some of those ideas that helped us respond to severe acute respiratory syndrome (SARS). The
international composition of this meeting acknowledges the need for a coordinated global
response.

By the time the proceedings of that 1995 NIH symposium were published in 1997, we
were facing the outbreak of HSN1 in Hong Kong that was challenging some existing
assumptions. We expect that the road ahead will include additional twists and turns.
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Before turning our attention to the task ahead over the next two days, I would like to offer
one final quote from Dr. La Montagne that appeared in the 1997 JID supplement. "The ability to
initiate the tasks outlined above is beyond the responsibility and resources of the NIH or any
single government agency. This scope of action requires international organizations and the
vaccine and pharmaceutical companies."

Acknowledging the need for a coordinated global response, HHS and WHO organized
this meeting to refocus our collective efforts on the scientific underpinnings of preparedness.
Within this venue of the National Academy of Sciences, and with Institute of Medicine (IOM)
president Dr. Fineberg presiding, we have assembled the top scientific leaders to seek your
individual and collective input on critical scientific and epidemiological questions.

The goals of this meeting are to describe the state of the sciences relevant to pandemic
influenza, identify and prioritize scientific and technical questions that will have the greatest
impact on our ability to identify and respond to a pandemic, and develop an action plan for
addressing those gaps. This meeting also provides an opportunity set a course that will
strengthen our international collaborations. For this we will need your input, and have
constructed the meeting with substantial time for breakout sessions that focus on specific
scientific areas.

Last fall, Dr. John La Montagne speculated to a small group of us that pandemics might
not necessarily be the virologic equivalent of the Big Bang, wherein a spark instantly becomes a
raging fire. Rather, he hypothesized, that our strengthened surveillance systems and new
diagnostic tools allow us to watch pandemics slowly unfold. If that is the case, then now is the
time to advance our preparedness, because the only thing that is more difficult than planning for
an emergency is explaining why you didn't. We have a large task ahead.
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CURRENT STATUS OF AVIAN INFLUENZA AND PANDEMIC THREAT

Dr. Julie Louise Gerberding, Director, Centers for Disease Control and Prevention

Secretary Leavitt, in his opening remarks, used a metaphor— the network model—that is
absolutely appropriate for this meeting. CDC is a highly connected hub in the network of disease
preparedness and response, and we are here to exchange ideas and information with our
colleagues from the Department of Health and Human Services, (DHHS), the Department of
Defense, the Department of State, other federal agencies, state and local agencies, private sector
organizations, academics, and our key global partner, the World Health Organization. We thank
Dr. Fineberg and IOM because you are also a highly connected node in this network, and much
of the scientific work we do would not happen without your facilitation.

Every time I have been in this room in the last four years, it has been in the context of
some horrifying public health threat—anthrax, smallpox, SARS, and now influenza. Anthrax,
smallpox, and SARS are threatening situations where the risk calculation is relatively low yet the
terror threat is high. In the case of influenza, the risk calculation suggests that we will certainly
experience a pandemic sooner or later, yet most people perceive a very low threat. How do we
prepare our society and the world for a likely threat amid growing complacency?

The fact that we are here today speaks to growing scientific recognition that influenza is
an urgent menace, and that the time for action is now. I'm going to talk about we know about
avian influenza, highlight what we don't we know, and mention a few steps we are taking to do
something about it.

One thing we know for sure is that influenza epidemics and pandemics do happen—the
three large pandemics in the last century attest to that. But as Mike Osterholm will tell you, many
other influenza pandemics have also occurred throughout recorded history, some as large if not
larger than the 1918—-1919 epidemic. It doesn't take a scientist to appreciate that the clock is
ticking, and that another pandemic is due.

We also have some understanding of how antigenic shift occurs in influenza viruses, and
why pandemics may emerge. There are at least two mechanisms. One is through reassortment of
viruses—typically avian and human viruses in swine, which create a new strain which can infect
people who lack immunity to the new antigens. The second mechanism, direct avian-to-human
transmission, may also have accounted for some of the past pandemics.

The picture becomes more complicated in the context of the current avian influenza
outbreak, because we also have the possibility of an avian virus and a human virus reassorting in
people and/or other host species. We need to know much more about influenza virus strain
evolution before we can predict whether any of these mechanisms would allow this or any other
avian strain to emerge and become more efficiently transmitted to people.

We also know that pandemics are brutal on their impact on human mortality. The spike in
mortality in 1918 and 1919 is a sober reminder of what happened when global connectivity was
unusually high, given the movement of people that occurred at the end of the world war. But that
situation was nothing compared with the connectivity and complex global networks in which we
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live and move today, and the increasing connectivity between humans and animal reservoirs of
influenza viruses.

We have only to think about SARS, as it moved from “Hotel M in Hong Kong to global
distribution in just a few short weeks, to be sobered by how quickly a problem in one corner of
the world can reach other backyards literally overnight. So while we can be optimistic about
advances in medical care and vaccine development, the potential for a pandemic with high
mortality in this very small world is great.

We know of avian influenza have been identified in people living in Thailand, Vietnam,
and Cambodia. Why haven't we seen human cases in other countries? Is this surveillance bias? Is
it virologically determined? Is it host determined? What exactly is the explanation for the relative
paucity of infections among people, given that the virus is much more prevalent in avian species
than these human cases would suggest? What is the full spectrum of illness? We must do more
research to understand the relationships among the virus, its virulence factors, the host’s immune
response, and the clinical outcomes of infection.

We know that the people with HSN1 influenza reported to the WHO in the current
outbreak have a high mortality rate. To date, 74 cases and 49 deaths in Asia have been reported
to the WHO, yielding case fatality rate of 66 percent. We don’t know if this fatality rate is
accurate. Does it represent detection bias—in that sicker people are being diagnosed? Is the
reported number of cases the tip of the iceberg, in that many less severe or asymptomatic cases
have gone unrecognized? We do not know why so many young people died from influenza in
1918-1919. Certainly the stereotypical explanation has cited complications—particularly
bacterial complications, although a 1976 review in the New England Journal of Medicine
suggests that they might not have been the reason for so many deaths. Case reports, a review of
the pathology literature, and recent experiments with influenza virus constructs containing genes
from that pandemic strain suggest other potential explanations for the high incidence of shock
and death associated with that pandemic.

Most of the affected individuals in the current epidemic have been young and healthy.
Why young and healthy people? Does this reflect exposure bias or a susceptibility in young
people that perhaps reflects lack of prior exposure? Does age, ethnicity, nutrition status, or viral
strain affect the case mortality rate? We need to address these very important questions about the
clinical presentation and outcome of avian influenza through careful epidemiologic, laboratory,
and clinical investigations.

We also lack information on the relationship between treatment and the outcome of these
infections. We know that the avian viruses currently causing human infections are resistant to
amantadines and susceptible to neuraminadase inhibitors, and that some of the patients who
succumbed had been treated. But whether treatment, alone or in combination of antivirals, offers
any virologic or outcome advantage is unknown.

We know that exposure to infected birds is a major source of infection among people, but
what are the specific modes of transmission? Recent case reports suggest exposure to
contaminated water and eating uncooked chicken could be risks as well. If we look back at the
HS5NI influenza virus outbreak in Hong Kong in 1997, some information could direct us to the
studies that we need to do today. We learned from case-control studies that the primary risk
factor in the last outbreak was exposure to live poultry, and that the prevalence of the virus in
chickens was very high. The prevalence of antibody to H5 in a cohort of the exposed population
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was about 10 percent, and those who butchered high risk birds were at higher risk for
seropositivity. Targeted research—designed to understand the relationship between exposure,
transmission modes, immunity, and disease outcome, as well as opportunities for intervention in
environmental, occupational, household, and healthcare settings—is critical in affected countries.
We must conduct these studies and many others in people, birds, swine, other mammals, as well
as water and other potential environmental reservoirs to develop a comprehensive understanding
of the epidemiology of this infection.

Although we know that avian H5SN1 influenza virus is widespread in Asia today, some
places are not represented in the surveillance network or have very weak connectivity, and those
weak links create vulnerability. Research needs to address how to strengthen the network and
obtain information from these missing nodes on the network.

Other critical questions include: Are all virus isolates among the poultry strains alike, and
are they evolving? If so, what selection pressures are encouraging that evolution? Where are the
carriers of these viruses from one country to another or one population to another or one species
to another? How does the ecology of avian influenza virus affect its mobility to other parts of the
world through migratory bird vectors or other movements of people, animals, birds, or fish?

Unlike the 2003 isolates, which were homogeneous, these HSN1 influenza viruses now
circulating in Asia are expressing some degree of heterogeneity. We don't know how
immunogenic these viruses are. We also don't know what implications heterogeneity will have
for vaccine development. We need a much more comprehensive understanding of the differences
between the human and the avian isolates and their geographic distribution.

Given the relative paucity of what we know compared with what we need to know, what
are we doing about it? At DHHS, Secretary Leavitt received a comprehensive briefing on
influenza even before his Senate confirmation, and CDC has since had several face-to-face
briefings with the DHHS team as well as a daily update. We could not have better departmental
leadership and commitment. Besides our support for WHO as the lead for international
preparedness, we are also investing resources in specific Asian countries to improve their ability
to detect emerging influenza strains and transport them to laboratories for reliable evaluation.
Our other regional activities include our International Emerging Infections Program in Thailand
and our collaboration with the US Naval Medical Research Unit laboratories of the U.S.
Department of Defense (DOD) in Jakarta and Cairo.

Our laboratory and epidemiologic scientists are hard at work to study the genetic
determinants of pathogenicity and transmissibility, the genomic bases of drug resistance and
binding properties, tracking and monitoring the antigenic evolution of virus isolates in time and
place, and understanding the epidemiology of the current epizootic in more detail. This meeting
will undoubtedly incubate other scientific questions.

We are taking steps to enhance communication between public health and veterinary
agencies. Dr. Lonnie King, former dean of the College of Veterinary Medicine at Michigan State
University, is heading CDC’s Office of Strategy and Innovation. Dr. King is forging better
connectivity between CDC and the veterinary community—both domestically and
internationally—and the academic animal health community.

Through investments in influenza preparedness as well as global detection of emerging
threats, CDC is building a comprehensive international health protection network to connect all
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relevant capabilities and assets. The private sector is a key partner that we have engaged through
our global roundtable of senior business leaders to understand how the international business
community can benefit from our preparedness efforts and provide relevant information as
another hub in our preparedness and response network.

Secretary Leavitt mentioned that President Bush has authorized us to use our quarantine
powers, if needed, for a novel or re-emergent strain of influenza with the potential to cause a
pandemic. We are also moving domestically to expand our capacity from 8 quarantine stations to
30. Those are important steps, but they also highlight the fact that preparedness takes time — and
time is of the essence if we hope to optimize quarantine and isolation capacity on a global scale.
We had some practice with SARS. That experience taught us that with the right framework,
people can do the seemingly impossible. But SARS was a relatively easy problem compared
with the global challenges that an influenza virus strain with a high reproductive number (Ro)
would create. We need to investigate the human aspects of isolation and quarantine, and what we
need to do to prepare people and engage our leaders and our population in appropriate isolation
and quarantine responsibilities.

Anthrax and SARS taught us that we need solid communication science if we are going
to have any hope of managing a major influenza outbreak. That science needs to address the
content and credibility of communication to diverse populations. That effort isn't just about
translating science into messages that ordinary people can understand. It's about translating
ordinary messages into hopeful and helpful information that people of multiple cultural and
linguistic backgrounds can use, and about transmitting information through a variety of channels
on which we do not usually rely in the Western Hemisphere. I would urge this meeting not to
lose sight of the human side of the research agenda, and to grapple with the communication
sciences that are essential to our ability to prepare for and respond to an influenza outbreak or
pandemic.

The biggest lesson we have learned from other public health threats is that the most
important enemy is complacency. I do not know how to develop a research agenda around
preventing complacency, but I would submit that doing so is urgent. My fear is that although the
lens may be shining on avian influenza right now, if the HSN1 strain does not become more
transmissible to people, we will falsely assume that the threat is over. Worse, we could be
accused of inappropriately revving up our preparedness efforts without a scientific basis. I do not
believe we have done that, but it reminds us about the importance of credible communication so
that the public understands the need to prepare and what is at stake if we don’t. We must strike
the right balance between action and reassurance. The stimulus to effective research that this
conference promises to foster is an essential step toward evidence-based policy decisions,
effective public health action, and credible communication in the context of this global threat.
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MEETING THE CHALLENGE OF PANDEMIC VACCINE PREPAREDNESS:
AN FDA PERSPECTIVE

Dr. Jesse Goodman, Director, Center for Biologics Evaluation and Review
U.S. Food and Drug Administration

My presentation will focus on how FDA can and is approaching meeting the challenges
of pandemic vaccine preparedness including the more applied science needed to support
assessment of safety and efficacy as well as quality in manufacturing. I will also focus on steps
to increase manufacturing diversity and capacity. While the drivers for investment are primarily
economic, FDA can help by developing and defining the needed and efficient pathways and
regulatory processes to speed vaccine development, assessment and availability. Assuring safety
and public confidence is absolutely critical as a pandemic vaccine will impact millions of
individuals. Finally, and perhaps most important, I also want to touch briefly on the idea of
considering whether there are pathways to prevent a pandemic, such as incorporating
preparedness into routine immunization, and to emphasize the need for thinking and working
globally. I'm not going to emphasize antivirals, as doing so would require an entire workshop,
but I do think they have a role to play.

The Secretary and Dr. Gerberding made analogies to bioterrorism threats, and I want to
reiterate that pandemic flu poses similar and equally serious challenges and demands some of the
same kinds of approaches. As a result, we are not treating this as business as usual. We have had
extensive interactions with sponsors to encourage them to develop new products, and have
turned things around very rapidly. We have taken proactive trips to look at manufacturing
facilities and have participated in multiple product development teams to ensure expedited
reviews. We used such approaches to combat last year’s supply problems with flu vaccine. These
approaches are appropriate for pandemic preparedness.

Markets—that is demand and sales—are the main drivers of manufacturing. No one is
going to build factories just for a possible pandemic. In the last two or three years, growing
yearly vaccine use in the United States—prompted by CDC and its public health partners—has
helped to stimulate interest in the U.S. vaccine market among global manufacturers. This past
year’s problems at Chiron in producing flu vaccine, and the growing concerns about, and
investments in, pandemic preparedness, have also accelerated commercial interest and the
development plans of potential manufacturers.

Our interactions with industry to respond to the problems this past year included
extensive review of clinical and manufacturing data and multiple facility inspections of foreign
manufacturers, which made an additional 5 million doses of investigational vaccine potentially
available if needed in 2004. I'm proud of the contributions of the people in our department, and
appreciative of the cooperation of manufacturers, although fortunately we did not experience a
bad flu season. Several manufacturers have expressed interest in becoming licensed to supply flu
vaccine to the U.S. market, and, as I will discuss, FDA has defined an accelerated approval
mechanism that can help speed their availability to meet this important public health need.

Several of the most important lessons learned regarding the manufacturing infrastructure
for flu vaccine are relevant to other critical vaccines, many of which also have only one or a few
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manufacturers and an overall fragility in their supply. While many vaccines can be stored from
year to year, this is not the case for influenza vaccine, which changes in composition almost
every year. We should not lose this opportunity to teach our colleagues in the policy arena more
about the fragility of vaccines—and steps that can be taken to support the infrastructure, an area
where IOM has provided leadership.

We now have a global pharmaceutical marketplace as well as a global disease
marketplace—we are fully globalized on both ends of the equation. FDA has realized the need
for better international information sharing, much as CDC has recognized the need for better
surveillance. We have therefore completed new confidentiality and information-sharing
agreements with regulatory authorities in other countries, so that we can obtain or share
important product manufacturing and safety information both pre- and post-licensure. I have also
been trying for some time to encourage global plans to develop vaccines: why develop a vaccine
for just one country? Regulatory cooperation and harmonization will help, and we are starting to
see companies develop vaccines for a global market.

Also in response to last year’s flu vaccine shortfall, FDA has decided to move from
biannual inspections of flu manufacturers to annual inspections in the hope of catching problems
sooner or, even better, wherever possible encouraging the prevention of problems through robust
quality systems and high quality manufacturing processes. The full swing of manufacturing of
flu vaccine occurs in summer. If problems develop then, we may not detect them early enough to
respond. We want to address these issues, consistent with FDA's good manufacturing practices
(GMP) initiative to strengthen the communications with companies around vaccine GMPs.

I would like to talk a bit about how we handle annual availability of flu vaccine in the
United States. Each year, any of the three strains that made up the previous year’s vaccine can be
replaced with a new strain. We base the determination on surveillance, working with CDC,
WHO, and our advisory committees, among others. We do not view this as a major change to the
vaccine, so we require a manufacturer with an existing license for inactivated influenza vaccine
to submit only a prior-approval manufacturing supplement, which basically describes the strain
and its characteristics—a routine, straightforward process. We do not require licensed
manufacturers of inactivated influenza vaccine to provide clinical data to gain approval of these
annual supplements.

To meet current deficits in capacity and to make licensure of other flu vaccines faster and
more efficient, we have turned to our accelerated approval authorities. Accelerated approval can
be used to approve a product that provides a meaningful therapeutic benefit for a serious or life-
threatening condition when there is a lack or shortage of available alternative therapies. We
determined that influenza vaccines qualify for accelerated approval, as the number of individuals
who could benefit and for whom vaccination is recommended far exceeds the current supply. For
pandemic strains as well, we would certainly find an unmet medical need, in that no vaccines
currently exist for those strains. Accelerated approval allows approval of a product under a
surrogate endpoint—a marker reasonably likely to predict clinical benefit—rather than requiring
completion of all clinical efficacy studies before licensure. Clinical endpoint studies would later
confirm this benefit.

Considering flu vaccine to be in short supply, we have stated that we consider
hemagglutinating inhibiting anti-HA antibody levels as a likely surrogate marker for efficacy.
We commonly approve vaccines based on proven surrogate markers such as hepatitis-B anti-
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surface antibody levels, but this would be the first or one of the first accelerated approvals based
on likely markers.

We have thus told manufacturers that they can seek accelerated approval based on
immunogenicity-provided validated assays are used, and complete manufacturing data and
control, and satisfactory safety data are provided, followed by post-approval studies of efficacy.
In considering the vaccines that other manufacturers offered or expressed interest in bringing to
the U.S. market—vaccines licensed in other countries with competent regulatory authorities—we
have said that well performed clinical trials and data from use under foreign licensure can
contribute to U,S, licensure. At least two firms, GSK and ID Biomedical, have indicated they
will seek U.S. licensure for their flu vaccines under this approval mechanism. We believe we
have shortened the time to approval by one to two years.

The kind of immunogenicity data we are looking for can also be useful when we try to
bridge efficacy of flu vaccine to other populations. For example, these data could help us allow a
manufacturer to look at immune response in different populations as a surrogate for efficacy in
those populations, making it easier to perform certain clinical studies. The information obtained
from immunogenicty studies will also be important in looking at and establishing appropriate
dosing for novel strains such as pandemic strains.

How can we facilitate the rapid availability of vaccine needed to prevent or respond to a
pandemic? First, we will view a pandemic strain used in a licensed manufacturing process as a
strain change. Biologically, a new hemagglutinin antigen is just that: another hemagglutinin
antigen such as we use in a routine strain change. For licensed manufacturers using licensed
processes, we wouldn’t treat this as a new vaccine but as a supplement. This will significantly
reduce unneeded costs and speed availability. However, having some clinical data are important
because of the differences in immunogenicity in a naive population are likely to affect the doses
needed to protect the population and because there should be assurance that the vaccine has the
excellent safety profile typical of routine flu vaccines. We also have no problem with the use of
recombinant or cell-culture—based technologies, including reverse genetics, in strain production,
as long as manufacturers use adequate controls and characterization. We don't want to immunize
potentially billions of people with a vaccine strain if there is any substantive concern about its
origin or safety.

Conducting the needed clinical studies for candidate pandemic vaccines during the inter-
pandemic period is very important, and real progress is being made here. Studies by the National
Institute of Allergy and Infectious Diseases (NIAID) of HSN1 will provide critical information
on dose and schedule. However, it is important not to get too overconfident. Just when we think
we understand something, it changes, and right now we don't have the experience to generalize
from one pandemic strain to another.

Whenever we undertake important public health programs, ensuring product safety to the
extent we can and engaging in effective communication are critical, as is full transparency about
the potential risks and uncertainties of a pandemic vaccine versus the pandemic itself. Where
time permits, we think it is a good idea to obtain an additional safety database on several
thousand individuals before licensure and wide use of the pandemic vaccine, even though there
is no particular reason to suggest that the vaccine should behave differently. Establishing a
system for surveillance and reporting of adverse events before the use of such a product is
important, as is public communication that we are taking that step.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11448.html

22 PANDEMIC INFLUENZA RESEARCH

Applied science, such as the preparation of qualified seed strains representing major
known and evolving pandemic antigens, can facilitate vaccine manufacturing and availability a
The flu community, including CDC, academic researchers, WHO, and our regulatory and public
health counterparts around the world, have done a great job, but we need more such efforts, and
they need to be well supported and coordinated.

We also need much more information on the biological basis for strain cross-protection
among evolving pandemic types, and on whether we can predict whether one vaccine strain will
be protective against another without extensive studies. We also need to prepare in advance
reagents for manufacturing, such as antigens and antisera. Our lab and others have been very
engaged in that, but the needs of a pandemic are an order of magnitude greater. We need to not
only evaluate and standardize assays but also consider new approaches to improve assays of
potency, antibodies, and sterility to speed the regulatory and manufacturing processes.

Many people have noted that even if we had a decent interpandemic vaccine
infrastructure and supply, manufacturing capacity will still most likely be inadequate to meet U.S.
needs in a pandemic—if we needed a higher antigen dose or multiple doses, for example. And, it
is very clear that inadequate global vaccine capacity currently exists to meet global needs.

Many questions have therefore been asked about adjuvants and whether they could
reduce the requirements for antigen used in each dose and therefore enable us to stretch supplies
in a pandemic. There have been some promising reports and if safe adjuvants could reduce dose
requirements and/or enhance vaccine immunogenicity, they could play an important role in
pandemic preparedness. However, it is important to recognize that both published and
unpublished results have been conflicting. We need adequate studies before we assume adjuvants
will be effective and, if they are, to determine how best to use them. These studies should be a
very high priority and are now being undertaken with HHS support.

Such an approach would be considered a new product because it would require different
formulation and manufacturing, and we would need to assess the safety and efficacy of the
product. The simplest adjuvant would be aluminum, with which we have extensive experience
and safety records in licensed vaccines. Early studies should demonstrate significant increases in
immunogenicity with an acceptable safety profile. More novel adjuvants, especially any with
reactogenicty or safety signals in early use, would obviously require more safety data. If proof of
concept and other studies are favorable—and recent informal and published presentations have
suggested potential benefits from adjuvant approaches—researchers should pursue controlled
studies in the inter-pandemic period. Accelerated approval mechanisms could be used, so long as
adequate safety and immunogenicity data were provided.

Other potential antigen-sparing strategies for vaccine delivery should be on the table. The
simplest change—as indicated in provocative papers in the New England Journal of Medicine in
the last year—might include intradermal vaccines using needle and syringe, but this raises
practicality and delivery issues. Other means of intradermal or transdermal delivery are also
available. Again, safety and efficacy would need to be determined, especially immunogenicity in
the population using the vaccine. Immune stimulators, such as patches with added cytokines or
other stimulants, also look promising in small numbers of patients, but again we would need data
before adopting such measures on a public health basis.

Non-egg-based technologies such as cell culture and recombinant vaccines offer very
significant potential advantages, such as flexibility, potential for rapid scale up and production of
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large quantities, and the fact that they could be primarily sterile processes from the start. Despite
problems, egg-based manufacturing has been successful and cost-effective, and other
technologies have not been widely used or marketed yet despite early promise.

We have licensed other cell-culture—derived and recombinant vaccines, and we have no
special regulatory concerns with those technologies if used for flu. We are working hard to help
people with development processes, though the scientific and technical challenges have not been
trivial. For cell-based vaccines, these include the usual assessment of tumorgenicity,
advantageous agents, and residual DNA. These are critical but addressable scientific issues for a
vaccine that, as stated before, could be given to hundreds of millions or billions of people. FDA
is providing guidance for manufacturers on cell lines and adventitious agents. However, the
biggest hurdle has been obtaining enough yield, manufacturing scale, and cost-effectiveness. Still,
there is no reason in the long-term or even medium-term why a cell culture-based technology
couldn't succeed. With recombinant vaccines, some of these issues are less pressing. However, in
that case we have to address antigenicity and ensure that the immune response elicited to a
recombinant protein is indeed a protective one.

Other new technologies worth considering include vaccination with potentially cross-
protective antigens to build immunity against influenza strains in the population more generally,
and live attenuated vaccines, one of which is licensed. The latter provide multiple immunogens,
some of which may offer some cross-protection. They may also enhance more rapid
development of immunity, and potentially require only a single dose, an advantage especially in
the immune naive, but they raise potential containment issues, at least in the pre-pandemic period.

Can we consider other pathways to pandemic preparedness, and other approaches to how
we use vaccines? Obviously, for a pandemic to occur, not only does the viral strain need to be
lead to transmissible and virulent, but, by definition, the population must lack immunity. Can we
conceptualize pandemic preparedness as routine prevention rather than as something that must
occur only during a crisis? Some of the tremendously challenging public health communication
problems that occurred around the swine flu, anthrax, and smallpox reflected a crisis mode of
communications and intervention. Should we consider building immunity against evolving
virulent pandemic-threat strains through more routine and earlier immunization against those
strains? Should we produce and make vaccine against pandemic threat strains available before a
pandemic? Should we even integrate antigens protective against pandemic threat strains into
routine influenza immunization? What are the risks and benefits? Transparency and public
dialogue would be essential in considering such approaches.

We are acting locally, but we should also be acting globally. CDC is taking the initiative
to work with global partners in surveillance, as is WHO, and FDA is similarly work with
industry worldwide to build vaccine capacity.

Regulatory cooperation can facilitate the potential transnational use of vaccines in both
pandemic and inter-pandemic settings. We, as a global community, should also consider
vaccinating people at geographic sites of evolving virulent pandemic strains. Such an approach
could save lives at the sites of pandemic strain emergence and, potentially, help slow or halt a
pandemic. Antivirals could also play a role in such settings, even before widespread human-to-
human spread, to slow or halt a pandemic.

To summarize, we are working with partners, many of whom are in this room, to help
diversify and strengthen manufacturing and provide flexible, rapid regulatory pathways. I think
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we are making progress. Pandemic vaccines licensed as supplements rather than new vaccines
can help speed and reduce the burden and cost of pandemic response, but we need to ensure that
the vaccines are high quality.

Advance preparation and improvement of strains, reagents, assays, and standards would
be beneficial. Many here are engaged in that, but we can do more. We can best address scientific
needs, create manufacturing capacity, and evaluate the safety and effectiveness of antigen-
sparing new vaccines and delivery methods as well as non-egg-based technologies before a
pandemic. Those studies are now under way and should be expanded and accelerated as results
indicate.

Finally, we need to consider the risks and benefits of earlier intervention against virulent
potential pandemic strains, including potentially integrating them into routine medical and public
health preparedness as we do for annual influenza. Can we learn from experiences such as that
with swine flu and still meet the challenge of pandemic preparedness? Enhanced surveillance
and increased awareness along with improved vaccine and antiviral manufacturing capacity and
global regulatory and public health infrastructure and cooperation, can provide mankind with the
potential opportunity to effectively intervene to prevent or reduce the catastrophic consequences
of the inevitable, the next influenza pandemic.
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GLOBAL PANDEMIC PREPAREDNESS RESEARCH EFFORTS

Dr. Klaus Stohr, Project Leader, Global Influenza Programme,
World Health Organization

I would like to thank the Department of Health and Human Service and the Institute of
Medicine for their vision and leadership in organizing this meeting—not only because it is 10
years since the National Institutes of Health and the World Health Organization convened a
meeting in Washington to figure out what would happen in a 1918-style pandemic, a meeting
that John La Montagne was critical in organizing, but also given the evolving situation in Asia
and the need to consider strategies to reduce morbidity and mortality from the next pandemic.

Medical and public health interventions must be built on the best science and evidence.
But the world is changing, and that includes the influenza world. The current situation requires a
thorough understanding not only of the research landscape but also of the most important public
health and research priorities that inform policy. I regard research as generating knowledge for
action.

From the perspective of an ever-changing world, influenza has been extremely interesting
over the last few years. I hope that the influenza virus will slow down a bit and make fewer
changes. On the other hand, it is certainly exciting to live and work during this extraordinarily
dynamic time.

WHO collaborates with many partners world wide. I would like to particularly mention
colleagues at HHS, CDC, NIH, FDA, and many academic institutions with which we have the
privilege to work so closely. I would like to thank them for not only the direct support they
provide to WHO but also for their international leadership.

I was asked to talk today about global pandemic preparedness efforts. I would like to look
at only a small fraction of pandemic preparedness and research during this inter-pandemic period.
We will have to confront a pandemic at some point, and then we will return to the next inter-
pandemic period. I hope that we do not have to find out during the next pandemic that
complacency during the current inter-pandemic period slowed our preparations. I would like to
look at medium-term applied research linked to medical and public health interventions,
addressing current needs, especially the situation in Asia. I would also like to cover two smaller
areas that can make a profound difference in our ability to reduce morbidity and mortality from
the next influenza pandemic.

In my view, we are all overwhelmed with responding to the current situation and have not
yet had time to prepare for the research necessary DURING the next pandemic. For targeted
public health interventions during the next pandemic we will have to understand the natural
history of the disease and the risk groups. We do not yet know the incubation period of the new
virus or the duration of infectivity. We are considering quarantining, but how long will we
quarantine someone if we don't know how long he or she is going to excrete the virus? We have
to develop standardized protocols for the next pandemic to obtain a critical mass of knowledge to
react very quickly and precisely.
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We have to inform policy, and that will be impossible unless we can assess the medical
impact of the disease. Many interventions that we are recommending now are based on the best
science, but that science may be limited. The evidence may have come from good studies
conducted many years ago, perhaps with viruses that are different from those now circulating or
that might cause the next pandemic. That caveat also applies to vaccines and antivirals. We have
to anticipate the economic impacts of the next pandemic and consider how can we convince
people that strengthening the communicable disease infrastructure now, makes sense and is
economically sound.

We certainly need to do virologic research. Because a pandemic virus will change very
rapidly, we must better understand the factors that influence the genetic and antigenic evolution
of influenza viruses. Preparing not only for control and response during a pandemic but also for
the research needed to inform policy will require vision, leadership, and the ideas of the
participants in the symposium over the next two days.

I consider research during the pandemic and pre-pandemic phase as deserving particular
attention, along with risk assessment and communication. Medical interventions—vaccines,
antivirals, treatment with antimicrobials—as well as non-pharmaceutical interventions are also
critical. The combination of these measures will vary within countries. Many potential
interventions such as vaccines and antivirals will be only suboptimally effective or not available.

We consider risk assessment very important. There are intense efforts from a global
perspective to control—and possibly even eradicate—the disease in animals. This will require
long-term control measures and an enormous investment. The government of Thailand has
invested $120 million to compensate farmers for sacrificing chickens infected with bird flu. That
country can afford such an effort and is capable of doing it because it is the fourth largest poultry
exporter, and poultry production is critical to its gross national product. On the one hand we are
encouraging considerable investments by the agricultural industry for the control of HSN1 in
animals. On the other hand, we can not precisely quantify the pandemic risk from H5N1. As an
example, we have not seen evidence of reassortment since 2004, even though the virus is
widespread and has been transmitted thousands of times to humans. We are certainly seeing only
the tip of the iceberg in Vietnam and Thailand: many more cases are likely occurring.

The question that needs to be answered fast is: what is the likelihood and the outcome of
a reassortment between an HSN1 and human as well as perhaps pig viruses? One-third of the pig
population in China has human H3 influenza viruses. This might be a good time to look at pig
viruses, as we have no understanding of whether H5N1 has already gained a foothold in pigs,
because studies have not yet even begun to assess this. Fortunately, CDC has embarked on a
laboratory project to assess outcome of reassortment. These studies are now in the second phase,
and a second laboratory from Europe might join these activities.

There is certainly a need to conduct studies on the HSN1 infection rate in the general
population of an affected country. Experiences from studying other diseases show that such
research can be relatively simple and inexpensive. Such research would help us understand the
true prevalence of mild and severe HSN1 infection in the general population against the
background noise of 100 of thousand influenza-like- illnesses every year and help assess
epidemiological significance of the few severe cases that turn up in hospitals.

The second area with numerous opportunities for researcher is the control of pathways of
transmission. Laboratory data and recent studies from Thailand and Vietnam suggest that ducks
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are a potent reservoir for highly pathogenic avian influenza for a relatively short period of time.
HS5NI has an increased pathogenicity in poultry and mice and is found in a growing number of
mammalian species. But what is the role of these animals and birds in the epidemiology of
influenza viruses of pandemic potential? Vector studies in domestic and wild animals and birds
are very important and could be of relatively low cost. A few colleagues are conducting such
serological and biological studies, and some funding agencies are supporting them, but the
research is too limited to provide the knowledge necessary to guide policy decisions. Another
area for research in countries now affected by HSN1 and which have developed control strategies
in response to this outbreak in animals, would but the assessment of the effectiveness of the
interventions.

Case management and control of infections in hospitals also present opportunities for
research. For rapid detection of the emergence of a pandemic virus, the number of reported cases
is less important than immediately investigating every suspicious case in Vietnam, Thailand, and
elsewhere in Asia. If we do not make such an effort, the narrow window of opportunity to stop
an emerging pandemic virus or virus with greater human-to-human transmissibility will close.

We have seen only very few publications on the clinical course of HSN1. We still have
very little understanding of HSN1 key clinical epidemiological and virological parameters,
incubation period, duration of infectivity, duration of transmission, and excretion kinetics. And
we are talking about a disease that has been around for a relatively long period of time. We have
decent data on the usefulness of antivirals, and we are finding out more about the duration of
treatment and size of dose, but how will we use that knowledge?

We need coordinated clinical research and case management, as well as a network of
hospitals in affected countries, not only for avian influenza but also for emerging infectious
diseases. Such a mechanism for coordinating clinical research, exchanging samples and
information can enable affected countries to rely on standardized treatments and research
protocols and support effective communication. NIH is supporting an initiative to establish an
international clinical research network on emerging infectious diseases in Asia. We believe this
is vitally important so we can investigate diseases in a standardized way at a very early stage.

Doing so will not only strengthen national capacity and resources but will also facilitate
international collaboration and exchange. With NIH, WHO has developed a concept paper on
such a network, and we have identified international research and funding partners. The next step
is to engage national partners and enroll hospitals. It's not going to be easy sailing, but we
believe this is a step in the right direction.

For the first time we have the possibility of detecting a pandemic virus early, and of
stockpiling HSN1 vaccines as well as antivirals. But could massive prophylactic use of antivirals
and possibly vaccines in and around an epicenter extinguish an emerging new subtype, or at least
buy time, is another unanswered question.

Modeling of a pandemic is ongoing, and we will hear the first results at this meeting. We
have also looked at data from other groups, and they are very encouraging. However, we need to
take conditions in developing countries into account and review the applicability of the models.

We also have to factor in the time it would take to detect a pandemic virus. Today a
diagnosis and possible field investigation of an individual case takes more than 20 days. We also
have to look at the accessibility of populations in developing countries, particularly in remote
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areas. More than 80 percent of the territory in Vietnam may only be reached by four-wheel drive.
We have also to look at the challenges of enforcing control measures, such as quarantine time,
over large areas in developing countries.

We certainly need more research on an HSN1 vaccine stockpile, which could make a
difference for countries that could afford one. A stockpile could be a complementary tool in a
large armamentarium of pandemic interventions, allowing vaccination of certain critical groups
before a pandemic virus arrives. A stockpile would also provide an incentive for pharmaceutical
companies to invest in a pandemic vaccine, although clinical trials are not complete. WHO is
looking forward to receiving data from the modeling, because without them it is difficult to think
about the appropriate size of a possible international stockpile of antivirals and the intensity with
which we should be pursuing this strategy.

If antigen-sparing strategies and low-antigen dosage for stockpiled vaccines are chosen,
will they remain fully effective after storage over 6 or 10 months, when the vaccines may have
degraded? We also need to investigate vaccination liability before a pandemic starts.

WHO has developed recommendations for slowing down local spread and using non-
pharmaceutical measures at international or national levels during different phases of an
influenza pandemic. They are built on the best available science, but assessing their potential
impact is difficult. We will need a research protocol during a pandemic, or we will be relying on
incomplete data generated during the last pandemic.

One incompletely understood area is the pathways of transmission of seasonal influenza
virus and their relative importance. Patients in Asia now excrete large amounts of HSN1 virus in
stool, perhaps even enough to infect other persons or chickens. We don't know the infectious
dose for humans. What role would fomites play in transmitting this disease now, and perhaps in
the future? How should we change hospital infection control, knowing that there are different
pathways of transmission?

There is also a need to establish permanently the immunogenicity of the available HSN1
vaccine against newly emerging HSN1 strains. Although that will not tell us everything on the
expected effectiveness of available HSN1 vaccines against the future pandemic virus, up-dating
of the antigen content will contribute to increased vaccine effectiveness.

Global production capacity of normal seasonal vaccines over eight months is roughly 3
million doses of a trivalent vaccine with 15 micrograms of antigen. This information is based on
an estimate prepared by the Influenza Vaccine Supply Task Force of the International Federation
of Pharmaceutical Manufacturers Association. Manufacturers could produce three times that
amount of a monovalent vaccine. Manufacturers could produce even more whole-virus vaccine,
because splitting the virus and developing a subunit eliminates some of the virus in the original
liquid. Vaccine output could be further increased, perhaps up to four times, if immuneenhancers
are used. Under such circumstance , the global daily vaccine production capacity could be in the
range of 13 million doses, Smart vaccine design and use of immuneenhancers could thus make a
big difference—not only for one country but for the world population. Such an effort would
require coordination of vaccine research. WHO will organize a meeting in November for all
pharmaceutical companies to compare data and recommend next steps.

Since November 2004, two companies are working on the preparation of clinical trials in
the United States. Ten more companies in Australia, Canada, France, Germany, Japan, and the
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United States will have begun or finished clinical trials before the end of the year. All will use
antigen-sparing strategies, which is very encouraging. Every company which wants to start
pandemic vaccine production rapidly after the begin of a pandemic—whether it uses H5 or
another strain- will have to license a pandemic vaccine beforehand.

If a pandemic virus were to emerge today, companies would require about two months to
prepare their production sites, although some might need more time and some less time.
Manufacturers would require another two months for pilot production. By that time a pandemic
virus emerging in Asia might already have reached Europe or Australia. Clinical testing would
require another two months, and by then the virus might be globally distributed. That means that
vaccine production might start only after the virus had already circumvented the globe—a
scenario we all would consider inappropriate in view of expected morbidity and mortality.
Companies need to update and test vaccines now so they can begin production much more
quickly.

Another problem is that manufacturers have little or no surge capacity for seasonal and
pandemic influenza vaccine. We need to look now at improving existing production systems and
devising alternative systems. Dr. Goodman has already mentioned cell-culture vaccine and
recombinant vaccine—a very promising development. Improved antigen harvest from eggs is
also a possibility. None of these options is going to be a silver bullet—each is only one
component.

The epidemiology, natural history, and public health risk of emerging avian and
mammalian influenza viruses are very difficult to evaluate. Surveillance in animals and constant
characterization of viruses would be ideal, as they would allow us to better determine whether
these emerging strains pose a public health risk. Then we would not need to invest into outbreak
response from an H7 virus in a given country, because we could tell from the beginning that a
highly pathogenic strain had little or no pathogenicity for humans.

The determinants of human pathogenicities of animal and bird influenza viruses and the
role of migratory birds are not well understood. We also need studies of the ecology and
molecular biology of animal influenza viruses, to understand the genetic foundation for
specificity and pathogenicity. And we certainly need virological and serological studies on the
prevalence and molecular evolution of influenza viruses in animals and birds. That would require
a long-term investment which will be profoundly important in anticipating the next pandemic.

About 40 countries use seasonal influenza vaccine in humans. Most have vaccination
policies, this means that at the end it is tax payers money that governments or health care
providers are investing in disease control. Many countries can not afford influenza vaccines. Per
capita spending on health in Vietnam is $3. The wholesale price of influenza vaccine in South
America might be $3; perhaps in some countries it is lower. In the United States it's much more
than $10, depending on the vaccine.

Global expenditures on influenza vaccine are considerable. If we assume 300 million
doses per year at a wholesale price of $7.50, and a 5 percent increase over time, we can expect
annual expenditures on influenza vaccine of around $3 billion per year in 2015. So over the next
10 years, public health institutions will spend at least $28.3 billion to buy vaccine to reduce the
impact of seasonal influenza. That represents a considerable amount of money. If we could
invest only 5 percent of those funds on research or add 5 percent, after 10 years, we would have
$1.4 billion to invest in research for a vaccine that could fundamentally change the landscape of
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influenza control. Such a vaccine would be cross-subtype specific, could be stockpiled, might not
need to be given annually, and would be affordable for developing countries.

In 10 years’ time, many of us may look back and say, yes, we have made a big difference.
I know many of you might be raising your eyebrows and shrugging your shoulders, thinking
about insurmountable obstacles. But we must try to find solutions to address both pandemic and
epidemic dilemmas. I would also remind you that the estimated global investment in the antiviral
stockpile is exceeds already by far $2 billion, and 23 countries have orders in. Such spending
might not be necessary if we had a vaccine.

Prioritizing research is very important, but that does not equal international coordination
of research efforts. That should come next. This meeting is very important in that regard, and
will provide us with better insight into priorities for influenza research. Some research projects
already exist, initiated by governments, academia, national research and philanthropic
institutions, the U.N. Food and Agriculture Organization, and Office International des Epizooties
(OIE). The WHO Global Influenza Network, including the WHO Animal Influenza Network,
has been supporting operational research and also providing direct support to influenza control
efforts. However, we have to think more about coordinating research in addition to identifying
research priorities.

WHO is also seriously considering organizing an international meeting to coordinate
international support for surveillance and control of avian influenza in Asia. That will be a donor
meeting, bringing together everyone who is interested in investing in influenza control in Asia,
as well as everyone who has already invested. A meeting to coordinate research and identify the
gaps could accompany such an event.

In summary, urgent, short-term research needs to include risk assessment for possible
reassortment of HSN1 viruses with other circulating influenza A viruses. Assessing the
effectiveness of non-pharmaceutical interventions is becoming increasingly important. We have
also overlooked preparing for research during a pandemic. Regarding long-term research, we
believe the best bang for the buck will come from investing in a subtype-specific influenza
vaccine with long-lasting immunity.

One major priority is rapid exchange of information during operational research, and the
time to think about stronger international coordination is now. As an example, last August, WHO
received a telephone call from a colleague in this room who said that ducks might play a much
greater role in the epidemiology of the disease. That finding has shaped global as well as national
intervention policies. Many countries since have embarked on control programs in ducks, as field
investigation has confirmed the laboratory results. If this scientific group had held on to that
information and we had delayed developing control strategies, many more people would have
been infected, and many more would probably have died. We need to create an environment for
translating scientific evidence into immediate public health action without negative
consequences for scientists.

More research will initially cost money, but we will save lives and money in the end. And
fundamental research is the foundation for any applied research. If we do not want to invest now
in research, let's put money aside to spend when the disease comes.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11448.html

osium on Pandemic Influenza Research: Meeting Proceedings

PLENARY SPEAKERS

Plenary Presentation Slides-Dr. Klaus Stohr

-.m Today

# Focus on applied research on interventions during
influenza pandermics that will reduceiminimize
- maerbldity and merality during inflienza pandamics

Glohal Pandemic Preparedness i mfwTi_:.. o
n'sﬂauh Eﬂnm societal infenuplion

Hlaus Sthr

nfluencs Programme

WHO Glabal Influsnes Programms

Today Priority "““““..'.','.':,E'.‘. Interventions

= Generic
. * Manypassble interventions during an influenza pandemic
liedium:term applied research # Hatural histary prigfeseireh dering pasdemic add pra-pindemi phase
Hnkad te madical and public # Wedical impact - Mink gﬁlmmw:mnu-m
health interventions addressing ® Effectivenees of Imarventions. « e in mnsﬂun?k
fhe cunent pandesic stustion - Wpccines, ssivirale; non- - truskptmaly ehecte
in Asia pharmaceutical - hntmrsis azcassitle in ma
s Economic impact - T2 2L SRR A s ansnie i)
® Virlogical ressarch " ecpyficy inberventipns
o %ﬂﬁzﬂﬁmﬁmmu wirua-3 paknge of aothbes bo redsoe
gl T v b ethon rabe

= Avarsea of pasdenie 2 packags of sethelies ol el aling a sew
T Son it e g ety
Iritergandemic paiad Tnferzandemic pasisd = Combinadon might vary

-~ Redueig mersidity of memally orecaomiesl implieatisns or secietal

Research o address long-bem inter-pandemic and pandemic challenges jrtsvptien

Infiuencs Programme

WHO Glabal Influsnes Programms

Priority Public Health Interventions Priority Public Health Interventions
I

niBrnagional Inégrnational

& (Ganaric = Generic
= Berveilance - Berveilanee
- Respifeh defing pasfemics asd ghe pandemie phase - Mithmgpmhu.dm.p.mgm“
- Pigk psmenemeni asd commusication - Figk pemenenen asd commusication

& Medcal intereanticns & Medcal inbarmntions

- Ymsines
- Vmcsines
y - Antreirals
= A ~ Tewatnrn ol wiral and sesendary bicbarial prismenia jansimicrebiaki]
- T al wiral end diry baetarial il {ansimic obiaks] ; i
= 2 s Monpharmacestcal intareentions
# Mon-pharmacestcal interventions Shandreg i ecal sprand of penem b wires P patkage of sathdties to reducs
Gk gl e becal sprend of pen el wires - packags of aothaties bo redece healtransmisshanielsction rate
hal transmisshanielsction reke - Avarsicd of pasdurmic - package of aeihlies aiming ol eliminaling a sew
- Awarsion of pasdenic < packapas of alhelies aiming of eliminating 1 sew Wibtyps with |rareasiag tiness
subtypa with irareasiag finies =% Combinafiom might vary
- Combinafon might vary - Ruduckip rersidity o merally oreeoaomiosl implieatisns or seciutal
- Reduehp merigity o ity o e o Iremibeath or seciatal HlerTuptios
Inbermiphos Pl Influenen Programms

WHO Glabal Influsnes Programms

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11448.html

osium on Pandemic Influenza Research: Meeting Proceedings

PANDEMIC INFLUENZA RESEARCH

1
Opportunities for research Opportunities for research
1. Risk assesament 2. Control of source and ways of transmission
& MNew devalopments ® Mew developments

- 1847- dirmct ransmission of mian indeenza virus fo humans ~ Domeslic duck &re (s poteni?) resarvoir for HPAI

- 2004 Mo reassortmant despia — HANT with increased pethogen oty In pouling and mios end fowend In
= leng + mideeprand shasens o of raw iffusrea Byge of knees hunon setheganicly v Pigs
= midlipls rarsmisian o hrvans Wil = oo realntian of hurvae il W Wil birdi

+ Whrnrsd (ke

= What is tha likelihood and cutcome of reassortment between HSN1

w What is the role of vardous animalibird species in the
and currently circulating human or pig influenza & viruses?

epidamiclogy of Influenza viruses of pandemic patential?

Lab trials jappreguiate biosafaty): - Varter and resarair stucies (demestic REEERETEIELARETE
rﬂﬁ:ﬁ#f‘h pathogesicity and + Zprshpsaliwologial shadies in vanous anighl] o

affectodinan-ofectod counines
# Studies on the infection rate in the STy il
ganaral [atlon In affected countries & What are the besl disease control oplion

currenitly sffected countries?

WHO Global Influsnes Programme

3. Case management and hospital infection control
= Tdcamss; & death (VTN 5575}

4.1 Aversion of & pandemic

+ Twn publizal the chrecal = of the d ol ishosis
il S e Pt — Poasibillly of anly debscion of mew sublype wilh incrassisg
— Wary W undarstanding of ki dinlcsl, spdamiakogical and sirakoglcal {ransmissibiity
paramesers of HEN1 i nfection in hemans I —— e Tamsible
v Rast proups, IKP, b kinclics, asoretion paliems; duration of nlediity

+ Efficacy af anitaml dugs; adapled dagnoshs estsiprotoooks

= Could massive prophylactic use of antivirals {vaccines)

#» Coordinated clinical research and case management H:ﬁ::ftﬂ;ﬂ'“"’fg“ arctinguish an smarging naw auktype
- Wetwark of linked labarateriee in affectsd countries; standardized = Modslig very Reusdation for sy declion msklng
{reaiment and study prodacods; mechanism of sample and S A R
Infarmatean sxchange; comphmentany analyass u P

- Intematicnal clindcal research retwark on emarging Infactious.
diseases in Asza (WHD and NIH indlialisve)

Research on HSN1 vaccine stockpile
© Shengthen rebanal capacrly and resowsas ard fack ilale inamational
hanga

| stack
colatonmtion and axc

v Coreapl pape RE'.‘!‘}DN imemaions| parinerslundng redliion denified;
el stap. argagemen! of rabenal partars and enmimen! of hosplals

WHO Global influsnrs Programma

WHO Globnl Influsnes Programme

n
Opportunities for research Opportunities for research
4.2 Slowing down local spread 5. Clinical research on the immunogenicity of pandemic vaccines
Mew develepments
* New developmants 5 :
Recommendations available on nos-pharmaceutical measures ot the - Pandsmiz vaccing peotatype strain vallable since Apl 2004
Fnieenationsl owd national lewsl during different phases of an imBuenza - Vaccing stockpils fessible
pademic = Establigh Immunegenicity of HEN1 vaccines from currertly
Bl on best makable soence citculating strain and implemant antigan spating strategies
= What effectivenass will non-phamaceutical interventions
have?
— Pessaich packages necessary
& gurmg pandeTecs

= What are the pathways of transmission of influenza viruses?
— Encomplalely urderstood snd (e rslaBre impoetance unkeeown,
— Hosplbtal Infechous conlrod casa E noa-ph bical
nilervenions

WHO Global Influsnes Programme

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11448.html

PLENARY SPEAKERS

37

Vaccine availability scenarios

e dedes
e g
ok =t vaceine production
e | —— (L i dm
— D.TZ milsien
o
s — ZA7 millign
a0 | — 325 millicn
1. — 13 millian
20|

WHO Globsl Influsnes Programme

5. Clinical research on the immunogenic

of pandemic vaccines

- Requires
+ restarch coordratian betsaon gounines and companios o asoid deplcaben
» Puihc furds o compensaie for lack of commerdal mferest
Current siastus
+ Promsing progress since Moy 2304

v 2 chrical trisks started [LI5A) #:"' b

« i} mpe companies i Auetraia, Canada J
et th e of e yasr [all ebigan spapl -

Pandemic influenza virus emergence and
possible llli_lﬂ ol pandemic vaccine production

& Expected scenario today

#
4
i ‘;j @“ﬁ

% H H J‘ H H :* H H

O mEn s g e Eopmlaniiis  Daed devbsien

T 3
&

WHO Global Influsnes Programme

Pandemic influenza virus emergence and
possible begin of pandemic vaccing production

& Expected scenario today

& S
L-—-
% H H J* i H s* H H H H] .",:,

Pancarsic st srmegen. Snite Eurpebiiniile et detnbuion

WHO Global influsnes Programma

Opportunities for research
. 6. Vaccine praduction: surge capacity
= Current problems

~ Little to no surge capacity for seasanal and pandemic
influgnza vaccines

# What alternative production systerns exist and how
could existing ones be improved?

Cell-culture; recambinant vaccines
- Improved Ag harvest from eggs

—# Should be assessed as part of a
package of an complete pandemic
preparedness cancept.

WHO Glabal Influsnes Programms

1. Epidemiology and natural history: mid-long term

# Current problems

- H.mﬁ;mmﬂuko‘ramurghag':mum mameaSan Viruses wary
difficuit e pesess and fo predict.

— Datesminants far bumen pethegenicity of illuanza Wouses Il
undersbaod
Rele of migratory birds as veciodreservair of HPAI unclaar

# Studies on the ecolegy and molecular bialagy of animal influenza
vimuges

Ganedc foundation for host specificity and pathoge

= Malazular shadi 2n tha genedic defersenation =l patho
ity

= Lubsintoly sl on b siscaplbily of Someeli: avisal ",._

- Wirelegicalisercéogical shadiss cn the pravalance and molag
avalution of influanza viruses in animalsibirds

WHO Global influsnrs Programma

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11448.html

PANDEMIC INFLUENZA RESEARCH

- 8. Vaccines: boing-teri
w Currant problems
— Fandemic vaccines

v Sleckpillng rof paesitls T ol st a8 mar
protection oy agoeret smatl number of vanan: JUTLEH

* Surge caacly
- Sapsonal veseiias
+ Amnual reacci ation, tosts

WHO Global Influsnes Programme

Annual vaccine costs to health

4 g © 8% inzreses
& Annual seasonal vaccine W wacaion prios

production i

= 300 milBan doses . I
- hasumptions )
= WS prwe 75 USD
= 5% norease
L]
» Costs by 20135: 28.3 billion o
o il e il i

T 0 B 1891 AR 13 WS

# If anly 5% was taken/added for research: 1.41 billion,

15

4

r

WHO Global influsnes Programma

Opportunities for research
: 8. Vaccines: hnﬁdtrm

= Cross-sublype specific infleenza vaceines which confer long-
laesting immunity

‘Would address both pandamic and epidemic demnas
=» Eatimated global investment nto antiviral stockplling
~ 1Abilion USD

WHO Global Influsnes Programme

# Urgent short-termShar- 1o mid-term
- Rish assessment

- Conlral of seurcs and pathways of Irensmssians (esrch at the
human-amimal inberiace)

- Csa managemant and hospilsd Infactan sonrel

= Byerscn of pandenic: ecingbon of new nubtype with naeming finess
= Slawin g down spreas af pandeml vius
- Chmical research on immunogenicity of pandemic vaccines
® [ikd-and long-lerm
- Vaccines
- Epidemiclogy and nalural higtory of infleshza

WHO Global influsnes Programma

Research prioritization and coordination

# |dentification of research priorities does not equal
international coordination of research efforts

® Several research projects already initiated
- Many individual projects
+ Govemmants, academsa; nalore| rasaarch and philankone po inskhuions

- WHO Glebal Influenza Network including WHO Animal
Influenza Network: operational research and direct suppoart to
conirol efforts

- Baveral loose ends
=* Meed for an meeting on coardination of international
support ke avian influenza surveillance and control In
Aszia (donor meeting with gap analyses)
- Geordination meeting on ressarch?l.

WHO Globsl Influsnes Programme

Dpportunities for research
Summary

= Major needs for research exist
~ Urgent short-term research
» Rzl aszesimen reazsaiimenl
v AggaEsment of I elechvenses of non-phameceul cal inknenione
+ Preparation of research duning pardemic
= Long-term research

* Helaro-suthypa specilc Inflaenza vacs ne wit
lengHastng immnty
Thest bang for herbug *

» Meed for international coordination!?

# Creating the environment for translating sclentific
evidence in immediate public health action

WHO Global influsnrs Programma

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11448.html

PLENARY SPEAKERS

39

® Research will initially cost money

= And will save lives
and maneyl

* will alsz apply fo
fundarnental research

If you think research is expensive - try
diﬁ-&aﬁe. Mary Lasker 1301-1954

WHO Glabal Influsnes Programms

(Slides available on accompanying CD)

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11448.html

40 PANDEMIC INFLUENZA RESEARCH

THE ROLE OF NIH RESEARCH IN PANDEMIC INFLUENZA PREPAREDNESS

Dr. Anthony S. Fauci, Director, National Institute of Allergy and Infectious Disease,
National Institutes of Health

I am going to talk about one component of pandemic influenza preparedness: the role of
NIH research endeavors in complementing the activities of CDC, FDA, and other U.S. agencies
as well as international collaboration.

As this is the John La Montagne Symposium, I would like to remind us not only of the
extraordinary loss we all felt when John passed away on November 2, 2004, but also of his
extraordinary impact at both a scientific level and at the level of human interactions throughout
the international and national community. As many of you know, John died at the airport in
Mexico City, the city of his birth. John loved Mexico and Mexico City. He had returned there for
one of the important meetings at which he so well represented not only NIH but the U.S.
Government.

I could probably use my entire time to talk about his accomplishments, but I would like
to point out some highlights of his career, most importantly in vaccinology. He loved
vaccinology. He loved global health, and he played a major role personally and administratively
in the development of vaccines for acellular pertussis, in supporting malaria initiatives with
international colleagues, and in leading research endeavors in pneumococcus, rotovirus,
influenza, and TB.

He was an advisor to virtually every important international organization, and he had a
special interest in the Children's Vaccine Initiative. He was a major player in the U.S.-Japan
Program. He was our representative on the Multilateral Initiative on Malaria (MIM), and he
enticed Harold Varmus, when he was director of NIH, to become heavily involved as well.

John’s greatest love, as we all know, was influenza research. John had been talking for
many years about the dangers not only of seasonal flu but also the potential for a pandemic
influenza that we are discussing here. He also focused on emerging infectious diseases and the
threat of bioterrorism—all long before they became fashionable.

However, as important as his scientific and administrative accomplishments was the fact
that John was one of the finest individuals I have ever met. He was the most self-effacing, highly
competent person that I have dealt with in my professional career. When I called then-Secretary
of Health and Human Services, Tommy Thompson the morning after I had learned in the middle
of the night that John had died, Secretary Thompson said something that all of us feel: that John
was a true public health hero whose leadership—especially in the realm of infectious diseases—
truly left the world a healthier place. I am very pleased that we have the opportunity to dedicate
this symposium to such an extraordinary scientist, science administrator, and human being.

Let me move on now to pandemic influenza preparedness. In the United States, CDC
heads a multiagency endeavor that encompasses surveillance, detection, training, maintaining the
stockpile, and importantly, disease control and prevention. FDA guides us through the regulatory
approval process for vaccines, therapeutics, and diagnostics. NIH is involved not only in basic
research but also in developing medical interventions and conducting clinical trials. HHS’s
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Office of Public Health Emergency Preparedness, under the leadership of Stewart Simonson,
coordinates all of these efforts.

The HHS commitment and allocation of resources to influenza has grown dramatically
over the past several years, starting with about $41 million in the 2001 Budget and rising to $430
million in the President’s request for the FY 2006 budget. Of NIAID's 2005 budget of $4.4
billion, the agency is spending over $1 billion on vaccine research—about 27 percent of its
endeavors. Funding for influenza research has similarly risen from about $20 million in 2001 to
about $120 million in the President's 2006 budget request.

NIH divides those funds into several components. Although the main player in
surveillance and epidemiology is CDC, some of our grantees monitor the molecular evolution of
bird and other animal influenza viruses as they evolve into viruses that can infect humans. Our
basic research looks at the pathophysiology of viral diseases, in this case influenza. We are
building not only physical but also intellectual research capacity by training people in the
development of countermeasure: diagnostics, therapeutics, and vaccines.

In the influenza surveillance component, one of our main players is Robert Webster at St.
Jude's Children's Research Hospital. He pursues the surveillance of animal influenza in Asia, and
plays a major role in generating candidates for vaccines against a pandemic influenza strain, as
well as studying emerging strains that are infecting swine in Asia. He is playing a key role in
generating the HSN1 vaccine reference virus now being used by both Sanofi Pasteur and Chiron.
He has also collaborated with others to study the spectrum of the host range of HSN1 influenza
virus. One important resulting observation was the fact that ducks can serve as a silent reservoir
for H5N1.

Basic research provides the fundamental matrix for developing countermeasures. The
NIH portfolio includes a substantial effort to understand the pathogenesis of pandemic influenza
viruses, including virulence factors, and the transmissibility of HSN1 among different animal
species as well as the molecular evolution that allows for the host range to expand. Our research
also includes studies on the mechanisms of animal-to-human transmission and the development
and propagation of animal models to study pandemic influenza viruses.

Also important are attempts to understand better the extraordinary pathogenicity and
virulence of the 1918 pandemic flu, known as HINI1. Current studies include sequencing the
1918 influenza viral genes, trying to identify signature sequences responsible for the virulence,
determining the molecular mechanisms that led to the emergence of this virus, and understanding
the contribution of the hemagglutinin and the neuraminidase genes to the unprecedented clinical
virulence. Four important papers have probed the pathogenicity, immunogenicity, and virulence
of this very important viral strain, as we are obviously concerned about the possibility of a repeat
of this phenomenon.

Other basic research and applied research involves the growing use of reverse genetics,
whereby we eliminate some of the uncertainty when trying to develop a seed virus for our
vaccine. Generally, researchers would put two different viruses together in culture and wait for
the inevitable reassortment of genes between them. In this case, we would co-cultivate either an
H5 or an H7 influenza virus with a familiar strain such as the Puerto Rico strain, which we use
regularly in our egg-based cultures. Reverse genetics, in contrast, deliberately takes the relevant
genes from each strain, and actually creates the hybrid virus strain that expresses the H and N
from the potentially pandemic virus together with the 6 other influenza genes from the benign
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and easy-to-grow strain. This approach has been used to develop the seed virus for the HSN1
vaccine, which has just recently entered clinical trials.

Multiple HHS agencies, including CDC, as well as some of our grantees and
pharmaceutical and biotechnology companies are also doing research to develop a sound,
consistent, cell-culture—based capability. The goal is to take some of the uncertainty out of egg-
based culture and to give us greater surge capacity so we can have the year-round capability to
produce vaccine. These cell-culture—based strains are also important because if we confront a
virulent influenza strain that might prove lethal to chicken embryos, we can use reverse genetics
to splice out the virulence factor. Also, a vaccine that is not grown in eggs is important to
individuals who have allergies to egg proteins.

Another important project that NIAID supports is the influenza genome project in
collaboration with CDC, the New York State Department of Health, the National Center for
Biotechnology Information, St. Jude's Hospital in Memphis, and others. This project collects the
full genomic sequences of a large number of isolates of influenza from humans and, in some
cases, animals. The goal is to make these sequences available for basic as well as applied
researchers, so that they may be helpful in the development of drugs, vaccines, and diagnostics.

As of a couple of days ago, we have released the sequences of about 93 human
isolates—an important research resource for our grantees and collaborators.

What about antiviral therapies? Four separate anti-influenza antivirals are available.
Among these, only Oseltamivir (Tamiflu) is adequate for treatment of HSN1 influenza. We are
putting about 2.3 million treatment courses of Tamiflu into the national stockpile,

NIAID and NIH research projects are developing and testing long-acting, next-generation
neuraminidase inhibitors. We need targeted antiviral efforts like those for other disease such as
HIV/AIDS, for which we have made remarkable advances, with more than 20 separate antiviral
drugs now available.

Animal studies are examining the effectiveness of combination therapies—a new
approach for influenza. Other non-traditional pharmacological approaches include inhaled
polyclonal IgG as an immunoprophylactic and the evaluation of new targets—not just the M
protein and the neuraminidase, but also viral entry, replication and maturation.

Protocols for the use of oseltamivir in infants are evolving. Oseltamivir is licensed for
individuals older than 1 year, but we do not have enough information on people 1-2 years of age
or younger to feel totally confident in the use of this drug in these subjects. That is why we are
developing protocols to try to identify the optimal use of oseltamivir, particularly in children.

Our main weapon in the armamentarium against influenza is a vaccine. As we have done
in developing other countermeasures, particularly in the arena of biodefense, we are
collaborating with at least two companies to develop a new vaccine for HSN1.

Last spring we signed contracts with Sanofi Pasteur and Chiron to develop an HSN1
vaccine, as well as with Chiron for an HON2 vaccine. Progress has been quite good. In fact, for
H5N1, we contracted to produce pilot lots of 18,000 doses—10,000 from Chiron and 8,000 from
Sanofi Pasteur—for a phase I-1I clinical trial. The trial of the Sanofi product, which has accrued
about 450 individuals thus far, will examine safety and immunogenicity first in healthy adults,
then in the elderly population, and ultimately in the pediatric population.
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We are also contracting for 2 million doses of the HSN1 vaccine from Sanofi Pasteur for
the strategic national stockpile. We also have an HON2 vaccine, and one might ask why we
would want that. Although it is not now as important as the HSN1 virus in Asia, particularly in
Vietnam and Thailand, we need to learn more about the body's immune response and the safety
of the vaccines that are derived avian viruses. The HIN2 has also started its clinical trial. The
live attenuated version of both vaccines is very important. Studies on that version are taking
place in the NIAID intramural laboratory of Brian Murphy and Kanta Subbarao, but other
individuals in the outside community are also looking at this.

We all know from experience with live attenuated vaccines that this approach induces a
broader range of serum and local mucosal antibodies. It induces cellular immune responses as
well as humeral, and immunity develops rapidly, usually with a single dose. This is important
because there is a question of whether we will have to use multiple doses of the killed HSN1
vaccine.

The attenuated vaccine has a wider breadth of cross-reactivity, as do most live attenuated
vaccines. This becomes critical when dealing with HSN1. If it mutates to become much more
efficient in its transmissibility from human to human, will that mutation affect the ability of the
vaccine to protect against it? Not necessarily, but broader cross-reactivity would be very helpful.
The other advantage is that such a vaccine does not require needle injection, and it is more
effective in infants and children than are inactivated virus vaccines.

Vaccine clinical trials traditionally occur in our vaccine and treatment evaluation units.
The three involved in the HSN1 vaccine are located in Los Angeles, Baltimore, and Rochester,
New York, but other units will also be involved in the second and third components of the
clinical trial.

I want to finish by commenting on the fragility of the vaccine enterprise in general, but
particularly the influenza vaccine enterprise, and the role of the research enterprise in addressing
this fragility. We all were faced with a rude awakening when we discovered the contamination of
half of the U.S. supply of influenza vaccine last year. However, other nations that rely on
influenza vaccine have also experienced delays. For example, Australia found that one of the
influenza strains in a vaccine was not present in as great a concentration as required, which
created somewhat of an analogous situation to the one that we experienced last fall.

How can we strengthen the fragile vaccine enterprise? One approach is by targeting
research resources. I have already mentioned several research efforts, such as the use of reverse
genetics to add consistency and reproducibility to our ability to obtain a seed virus. We can also
gradually transition to cell-based vaccines and the use of recombinant-DNA technologies to
express hemagglutinin and neuraminidase and other proteins. Developing a perennial vaccine
based on conserved epitopes is particularly problematic with influenza, because humans are
continually infected each year, yet we do not seem to have adequate cross-protection against
small changes in connection with the yearly antigenic drifts.

We also lack dose-sparing strategies. Toward that end NIH is looking at using
intradermal vaccines, and comparing intradermal with intramuscular vaccines. A clinical
protocol to compare intramuscular to intradermal approaches in HSN1 vaccination is in
preparation. We are also discussing production of an adjuvant-aided HSN1 vaccine with
manufacturers, although the trial that has just started is not adjuvant-aided.
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Because this is the John La Montagne symposium, I want to mention that one of his last
scientific efforts was to co-author with me an invited commentary in the New England Journal of
Medicine, which was published on November 3, 2004, the day after his death. He was hired as
one of our first influenza program officers, and his last scientific publication was on influenza.

The fragility of the influenza enterprise is real, and we must address it with incentives to
industry as well as with basic research that improves the process of vaccine development.
Potential incentives are now being discussed at HHS. NIAID is also trying to help industry make
products that might supplement our normal supply of influenza vaccine—that is, to obtain the
necessary information for as rapid FDA approval as possible. Such efforts are occurring with
GlaxoSmithKline's inter-pandemic Fluarix vaccine. One of the most rapidly accrued trials that
we have ever experienced—it enrolled almost 1,000 people in 5 days—began in December 2004.
People were interested in getting into the trial given the shortage of influenza vaccine. We are
expecting the results shortly.

I want to close by mentioning that when we deal with emerging diseases, we see the
extraordinary capability of pathogens to persist, emerge, and reemerge. None does it better than
influenza. To address this threat, we must balance public health measures, biomedical research,
and technological advances. Staying on top of what could be an extraordinary public health
problem is extraordinarily important.

John was co-author of a review of the last such meeting in 1995, published in the Journal
of Infectious Diseases, called "Pandemic Influenza: Confronting a Re-emerging Threat." What
he said then holds true today. Success in controlling a pandemic will benefit from new advances
by the scientific community, which provides the pool of solutions to combating emerging threats.
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NIAID Pandemic Preparedness in Asia
Contract

B Pl: Robert Webster, 5t. Jude's Children's Research
Hospital

B Activities include:
— animal influenza surveillance in Asia
- generating vaccine candidates against pandemic
influenza strains
- studying newly emerging influenza strains infecting
swine in the U.5.

B Generated a 2004 H5N1 vaccine reference virus using
the B-plasmid system; NIAID has provided this
reference virus to both Sanofi Pasteur and Chiron.

October 29, 2004: WHO announced a new study by

St Jude's Children's Research Hospital that showed

... that domestic ducks might now be acting as a 'silent’
reservolr for the HSN1 virus..."

T

Soursa: WHO

Basic
Research

NIAID-Supported Influenza Research Activities
Basic Research

B Pathogenicity of pandemic influenza viruses:
virulence factors

B Transmission of HSN1 influenza viruses
amaong different animal species

B Mechanisms of animal to human transmission

B Animal models to study pandemic influenza
viruses

NIAID-Supported Research on 1918
Pandamic H1N1 Influenza Virus:
Current Studies

B Complete sequence of 1918 influenza virus genes

B |dentify signature sequences responsible for
virulence

8 Determine molecular mechanisms leading to
emergence

B Understand coniribution of 1918 HA and NA
genes to unprecedanted virulence

Recent Findings
Pathogenicity and Immunogenicity of Influenza
Viruses with Genes from the 1918 Pandemic Virus
(Proceedings of The National Academies, T
Tumepey et al, 2004)
Enhanced Virulence of Influenza A Viruses with
the Haemagglutinin of the 1918 Pandemic
Virus(Nature, D Kobasa et al., 2004)
The Structure and Receptor Binding Properties of
the 1918 Influenza Hemagglutinin (Science, SJ
Gamblin et al., 2004)
Transmissibility of 1918 Pandemic Influenza
(Nature, CE Mills et al., 2004)
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Influenza Seed Virus for Inactivated Virus Vaceine
Production Using a Reverse Genetics System
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Influenza Vaccine Production: Cell Culture
as an Alternative to Chicken Eggs
UERS 10 vaccing

Prowida tamget vir
manutaciu

Cail cufture-based

Potential Advantages of Cell Culture-
Based Influenza Vaccines

B Allows groater flexibility for surge capacity.

B Provides opportunity for year-round vaccine
production.

B Requires less manufacturing spacs.

B Circumvenis possible problems presented by
highly virulent influenza strains (i.e., lethality to
chicken embryas).

B Tolzrated by people with egg allergies.

NIAID Influenza Genome Project

Avan snd Human Influenezs Yral Elrans

Syhicly &ocestihie: ;
GenBank™I& 10 Bioimlormatics Research Blr.-'j
= T =
1

Basic Fesearck | ] Appliad Fesmroh

Antiviral
Therapies

Antiviral Therapies for Influenza

T | Amantadine
T J Rimantading
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Antiviral Drugs in Strategic National
Stockpile

Mumber of Treztmant

Courses
Tamiflu 2,269,624
(capsules and suspansion) . I—
Rimentadine 5,054,720 ¢ Loiinct et

(tabs and syrup)

ki

B Roche is the single supplier of Tamiflu
(oseltamivir)

B Currently single production facility in Switzerand

ok U Dt bl i B Sevand

Antivirals: NIAID-funded Projects

B Developmentftesting of long-acting next-
generation neuraminidase inhibitor

B Animal studies to assess effectivenass of
combination antiviral therapy

B Development of inhaled polyclonal lgG as
immunoprophylactic

B Evaluation of novel drug targets (viral entry,
replication, HA maturation)

Antivirals

Use Profile of Oseltamivir in Infants

B Currently licensed for treatment of individuals
21 year old (chemoprophylaxis 213 years old)

B Animal study to further characterize safety profile
of oseltamivir in infants

B Safety protocol to administer oseltamivir to
children <2 years with confirmed influenza A
infaction in the setting of an H5N1 cutbreak

B Goal: Identify the optimal use of osaltamivir

Pandemic
Influenza
Vaccine

NIH Role in Influenza Vaccine
Development

Academia Industry

Clnled

Said Pl n
S Bavarse  ViUs Lol feg. In MTELs]
uf

Virus Vaccine

1’3‘1 MIH MEWS B ELEASE
o

- amaal st o Al gy
and L alora (ki

NIAID Announces Contracts to
Develop Vaccine Against HSN1 Avian

Influenza

ﬁ;‘i NI NEWS RELEASE

s o i o In<f Mg
i Flaaca lices

PO DT HLEAE
Fomary g 7, AT

NIAID Taps Chiron to Develop
Vaccine Against HON2Z Avian
Influenza
Awsard Part of MAID Pandemic Influenza
Praparedness Program
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H5N1 Vaccine Contracts

B NIAID awarded contracts to Sanofi Pasteur
and Chiron to produce H5N1 pilot lots of
inactivated vaccine for Phase Wl clinical trials

B >8,000 doses dalivered from Sanofi Pasteur:
trial has begun

B 10,000 doses to be recelved fram Chiran:
trials to begin late fall 2005

B Initial Trial: Safetyimmunogenicity in healthy
adulis with possible expansion fo elderly and
pediatric populations

4

BE Capieimrmd By gl b Ermams e iraTkin

AR ERIEELTY
Ty, Rimjlinioltr 71, T8

HHS Orders Avian Flu

Vaccine Doses as
Preventive Measure

HHE Secretary Tammy G, Thempson announced Deday
tha swarding of a contract to Aventis Pastaur Inc. to
manutacture and store 2 milllon toses al avian influenza
HENT vaccine, an important initial acquisifion to befler
prepare the nation for an mflwenza pandemic.

H9N2 Vaccine Contracts

B NMIAID task order to Chiron for production of
an investigational inactivated vaccine based
on an H9N2 strain

B Chiron produced a total of 40,000 doses of
vaccine formulated with and without MF59
adjuvant

B [nitial Trial: Safetyfimmuncgenicity in healthy
adults

B Trial has bequn; results expected late
summerfearly fall

Live Attenuated Cold-Adapted
Pandemic Influenza Vaccine
H5N1:

B 3 vaccine candidates made and compared

B Clinical lots to be generated from best
candidate

B Clinical trials plenned for 2005/2006
H9N2Z:
B Clinical lot produced

[ | Egg;cai trials (70 subjects) planned for summer

Potential Advantages of a Live
Attenuated Influenza Virus Vaccine

B Induces both serum and local mucosal antibodies

MIAID's Network of Vaccine and
Traatment Evaluation Units [VTEUs])

ey #
N Induces both antibodies and cellular immune “—~;I' ',. . - o
protective mechanisms S = Ii‘u.ﬁa}_ P A
| :ﬂn:“uma immunity rapidly, usually following cne | 'll I.-'r_l'lf_"I:._W'L {]hilttf S
B Has wider breadih of cross-reactivity with related o T L | Vg oe
influenza virus strains i I| [ By %{V ™ Cincinnati
B Does not reguire a needie injection e .J. ']:_|-“I|.F-i".,"4\
B More effective in infants and children than j"‘“\.ﬁ E R )
inactivated virus vaccines o WS Stlouls | Y=
Los Angeles  Housbon Mashwilla
U.S. Flu Vaccine Supply Halved
Fragility of the Health Officials Face Record Shortage
Influenza as Britain Shuts Down Supplier
H Americans' supply of flu vaccine was cut in half Tuesday as
vHCCII'!E Britain abruptly shut down a major supplier just as flu season
Ente rprise is about to begin. Facing a record shortage, U.S. health cfficials

scrambled to reserve remaining shots for the elderly and others
at highest risk from influenza.

Associated Press, Oct 2004
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Delays in Australian Flu Vaccine
Likely This Year

Australia’s chief medical officer txday warmned there could
be dalays in obtaining the flu vaccine this year,, because
ane of the influenza strains in the vaccine wes nat presant
in as greal a conzentration as reguired. ..

Sanofi pasteur was contracted to supply 35 per cent of the
governmant's vaccing suppliss....

Money Plans, March 2005

Addressing the Fragile Vaccine
Enterprise

B Aesearch resources: developing and sharing
mew technologies, e.g.

- reverse genetics

- cell culture-based vaceines

- recombinant DNA technologies

— ""‘perennial” vaccines based on consarved

epitopes
- dose-sparing strategies

Vaccine Dose-Sparing Strategies

B |ntramuscular (IM) vs. Intradermal (ID):
Clinical protocol to compare IM vs. 1D H5N1
vaceine is in preparation.

B NIAID is in discussions with manufacturers
concerning production of an alum-
adjuvanted H5N1 vaccine.

‘These studies raise
thi possibility of using
alternative routas of
Immunization (e.g.,
intredermal as opposed
to intramuscular,
administration) with
smaller doses of
vaccine as a means of
“stretching” avallable
deses of influenza
vaccing in times of
shortages."”
Intradermal Influenza Vaccination: Can Less Be More?
John R. La Montagne and Anthony S. Fauci

The New England Journal of Medicine, November 2004

Addressing the Fragile Vaccine
Enterprise (costinued)

B Incentives to industry, e.g.
— regulatory relief
—guaranteed purchases and fair pricing
— liability protection
- research resources and clinical trials capacity
— tax incentives

—ensure demand through public education on
health benefits of vaccination

GSK Clinical Trial

NIAID rapidly initiated a Phase [l trial to
evaluate safety and Immunogenicity of GSK's
inter-pandemic Fluarix® vaccine in healthy
adults:

- Trial bagan in Dec. 2004

- 952 subjects enrolled In & days
= Trial conducted through YTEU=
= Resulls expecled Q2 2005

Copyright © National Academy of Sciences. All rights reserved.



http://www.nap.edu/catalog/11448.html

52 PANDEMIC INFLUENZA RESEARCH

A Delicate Balance

Tha Extraordinary Public Health

Capability of Measures Teacac
':’i:mhizl Biomedical [}] SEASES
Pathogens to Research, and
Parsist, Emarga, Tachnologizal - i
wrd Re-Exverge Advances Pag:m:;glf'::ﬂgm

Reemergent Threat

Ampld 5. Eondn, Dominkk A. lacuzo, and
Jahn A, La Mordagne

"We believe that
success in controlling
a new pandemic will
benefit from new
advances made by
the scientific
community, which
provides the pool of
scientific solufions to
combai the new
emerging threats."

(Slides available on accompanying CD)
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MORNING PLENARY DISCUSSION, DAY 1 (APRIL 4, 2004)

Moderator: Dr. Harvey Fineberg

Panel Participants:
Dr. Bruce Gellin, Dr. Julie Gerberding,
Dr. Jesse Goodman, Dr. Klaus Stohr,
Dr. Anthony Fauci

DR. FINEBERG: I would like to invite this morning's speakers to join us here on stage
for a half-hour of questions and comments.

PARTICIPANT: I have two comments, one rather general and one very specific. First, in
all the articles published on H5SN1 and its potential, particularly its introduction into people, I
have not seen any evidence of a rigorous study of the neuraminidase antibody concentration in a
population that must have some N1 immunity. This is particularly important if we are facing
inapparent infections and wondering about the sporadic occurrence of lethal or very severe
diseases. I am wondering whether those cases have been cautiously and deliberately investigated
with respect to their neuraminidase antibody response.

Before that question is answered, I would like to make a comment about intradermal
versus subcutaneous inoculation. In comparisons of intradermal and subcutaneous routes of
inoculation, an important control is often omitted — namely, the comparison of equal doses of
vaccine delivered by the two routes. We are beginning to create new studies for comparing small
doses of flu vaccine and larger doses of flu vaccine as a second injection. In these studies we do
not compare apples and oranges, we give the same amount of virus—namely one-tenth of an
mL—>by both subcutaneous and intradermal routes. Very few studies have been done using equal
amounts of virus. We gave one-tenth mL intradermally, and we gave five-tenths mL
intramuscularly, and the response is about the same. Perhaps this is because we are usually
dealing with a primed population.

DR. GERBERDING: We have not been able to do a comprehensive serologic assessment
of any of the antigens in the HSN1 immune response because those studies have been difficult to
start. They are obviously very important. We need field investigations that would allow us to do
sampling on a population basis in several regions that are experiencing infection.

DR. STOHR: Yes, I think it would be quite interesting—because it is so difficult to
assess the significance of the immune response—to try to better understand the effectiveness, or
at least the immunogenicity, of vaccines in non-human primates, which could be vaccinated with
a vaccine with an N1 component irrespective of its HA component. We can then see if the
vaccine provides any cross-protection against the HSN1, and the significance of that cross-
protection.

53
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Many people have thought about doing that, but it's a very costly exercise, and nobody
has tried it. Such a study requires a considerable number of non-human primates as well as a
better understanding of the infectious dose.

DR. GERBERDING: It is not so much science as samples that are rate-limiting.

DR. FINEBERG: The second question concerned intradermal immunization or route of
administration more generally.

DR. FAUCI: Yes, I agree with you completely. If we consider whether we could stretch
out supply, and give a half a dose intradermally versus the full dose intramuscularly, we could
prove the concept that we could get relatively equivalent protection. Another question is: what
happens if you give an equivalent dose intradermally to intramuscularly in elderly individuals
who generally have poorer antibody response? I would be interested, from an immunological
standpoint, as to whether we can boost the relatively poor immunological response in people 65
years of age and older toward a relatively normal response by using intradermal dosing but
relying on the dose that we would use intramuscularly.

DR. FINEBERG: If T understood, your point was also that the immunologic memory
might enhance responsiveness to an intradermal dose of lower intensity, and therefore could
mask what might happen in a population that was immunologically naive.

DR. GELLIN: Both those questions highlight the need for international collaboration. Dr.
Stohr, I hope you hold the meeting you mentioned, because based on what we have seen here, I
think there is going to be tremendous interest. If we continue to compare apples to oranges we
are going to be in trouble, because we are going to have a range of data points that we don't
know how to put together. We need international collaboration to understand who is doing these
studies and how they are advance the science in this area.

PARTICIPANT: In response to the previous question about the apples and oranges of
intradermal versus subcutaneous: In preparing for tomorrow’s workshop, I found a number of
studies that used the same dose intradermally and subcutaneously.

Back in 1949, Bruin et al. found that, using the same doses, geometric mean titers were
higher intradermally than subcutaneously in both adults and children. Still, when the antigen
mask was small, intradermal did better. When the antigen dose quantity was higher,
subcutaneous did better. More recently, in 1969 in the Canadian Journal of Public Health, Davies
found that giving the same dose intradermally or subcutaneously with jet injectors for both routes
produced a higher response intradermally, but the result was not significant.

PARTICIPANT: Our biotech company, founded less than two years ago under the
National Biodefense Program, focuses on developing novel therapeutics and prophylaxis for
influenza. I agree that a fundamentally new approach against influenza is greatly needed,
because as Dr. Fauci pointed out, even cross-reactive vaccines are very difficult to generate
because the natural infection doesn't offer long-lasting cross-protection. In light of this, we have
developed a new molecule that is sialidase based and is designed to tether to the human receptor
epithelium. Our lead works by eliminating the sialic acid used as a receptor for all strains of
influenza viruses. The strain works by making the host inaccessible to influenza viruses. With
the help of NIAID, we have done some very successful in vitro studies, and now multiple animal
studies, showing that this approach holds great promise, not only as a prophylaxis but as a
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therapeutic as well. Even 48 to 72 days after the viral challenge, we still get very significant
therapeutic effects.

A novel approach like ours would not be possible without the support of the national
biodefense effort and NIAID. We are several months from filing an investigational new drug
application, and we are hoping to go to clinical trials quickly. Our scientists are working day and
night, but the limiting factor is still funding. I'm here to urge continued public-sector funding
because private-sector funding is hard to come by. When we talk about pandemics, the market is
not there.

Companies like ours can do such research with many fewer resources. With less than $14
million, we believe we can take the drug all the way through phase III clinical trials. So,
important progress is being made with public funding.

PARTICIPANT: Dr Gerberding alluded to the fact that we are exploring an expanded
surveillance effort in Southeast Asia, with partnering between DOD and CDC. DOD has a fairly
significant global surveillance system for emerging infections, with laboratories in Cairo and
Jakarta, Peru, Thailand, and elsewhere around the world. Our folks in Jakarta commented on the
opportunity after the tsunami to greatly enhance surveillance efforts in Vietnam and Cambodia
with modest funding.

Specific suggestions for the types of studies that need to be done would be very helpful.
We are certainly willing to partner with others, including with WHO and Dr. Stohr, to expand
this effort. We have some funding that we could apply right away, but we need to know what we
need to do.

PARTICIPANT: Several speakers touched on the stockpiling of antivirals. It is very
difficult to know when we should pull items out of the stockpile and start shipping them for use
in the field. Tamiflu is under patent from Roche. It costs about $3 a pail to buy the drug in bulk.
Under the World Trade Organization’s TRIPS agreement [trade-related aspects of intellectual
property rights], a country can issue a compulsory license during a public health emergency to
allow other companies to manufacture the drug. I am interested at what point the panelists think
the United States should evoke the TRIPS agreement to start producing its own Tamiflu. And at
what point should we deploy non-vaccine interventions?

DR. GELLIN: I think all countries are grappling with that issue. As you said, a single
manufacturer now has a patent, and it is the only feasible player in a pandemic setting. Unlike
the H5 vaccine, which is still being evaluated, anyone can purchase that product today. The
question is how nations handle that on a public health basis. Nobody knows how much of the
drug to buy and exactly when to pull the TRIPS trigger. I hope this workshop will shed light on
how to refine the models so we can understand some of these trigger points more precisely. I
don't have the answer, but clearly how much of the drug we buy and how we deploy it are issues
of great importance, given that there will not be enough vaccine to go around.

DR. STOHR: The international trigger point for WHO would be the emergence of a virus
with effective human-to-human transmission. In the next couple of days WHO will publish a
new pandemic preparedness plan that will not only recommend what countries should do during
different phases of a pandemic but also clearly outline what countries can expect from WHO
during those phases. The plan will include trigger points for national use of antivirals from a
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national stockpile, but, as Bruce said, the modeling data are just not available at this stage for use
with an international stockpile.

The TRIPS agreement is a powerful tool that can be used when a global health
emergency would require increased access to a certain drug. That powerful tool is accessible to
every nation in the world. Hopefully, nations will think twice before they use that tool, as doing
so would encourage others to use the same tool for other drugs and circumstances. A country has
to balance the advantage of gaining access to one drug against what might happen if other
countries use the agreement to gain access to patented drugs made in the first country.

DR. GERBERDING: One of the early triggers for the use of antivirals would clearly be
the need to initiate prophylaxis to continue the initial rounds of replication and outbreak. Another
important other aspect is the scalability of our use of these countermeasures. And at least with
antivirals, the stockpile exists, and we have conceptualized the idea that we will deploy it under
certain circumstances to obtain the biggest public health benefit for the amount of drug we have.
But we haven’t effectively researched the deployment step. The U.S. public health system is
working to deliver countermeasures to a population within a short timeframe, but research does
not tell us the best strategy.

How do you mobilize effectively? What models of distribution actually work? We did
learn some lessons from distributing flu vaccine this year. But we can also consider provocative
ideas such as pre-event deployment and home storage of countermeasures. We need to be open
to all possibilities and then do the studies to figure out the best models for specific circumstances.

DR. GOODMAN: I think it is very important to obtain more knowledge of antivirals and
their impact, particularly in treatment and containment. They are likely to be effective
prophylactically, but the amount of drug needed on any scale beyond a very small population
would be daunting. On the treatment end, perhaps the working group on antivirals will consider
studies that—relying on the NIH and WHO clinical trial networks—would tell us rather quickly
about the safety and effectiveness of antivirals in a pandemic threat. Assumptions should not go
unquestioned.

As with vaccines, the time to assess production needs and build a manufacturing
infrastructure is before the pandemic. Making a high-quality, complex pharmaceutical that is safe
and effective in a crisis situation would be difficult. We need to understand better how we to use
these drugs and prepare for those uses.

PARTICIPANT: One issue raised in recent biodefense discussions is what would happen
with a limited supply of countermeasures given an international outbreak of disease. Everyone
hoped to deal with that question later. Well, this may be later. Domestic versus international law
poses a particular problem, in that U.S. officials have a congressional mandate to protect the
American people with whatever measures are necessary.

Given the fact that Tamiflu supplies are limited and no vaccine is available, how will we
decide which countermeasures to retain for domestic purposes and which to make available for
international use, given an outbreak in another country? That question is especially important
given that the use of countermeasures internationally is often the best way to protect a domestic
population. On the other hand, if a disease were not contained, a country would be obligated to
use the countermeasure to the maximum possible extent domestically. I can see borders all over
the world closing to the transfer of countermeasures.
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DR. FINEBERG: This and the previous question raise important ethical aspects of
research as well as preparedness strategy.

DR. GELLIN: While I cannot give you a comprehensive and definitive answer regarding
what would be done in a given situation, the comment highlights the importance of on-the-
ground surveillance. If we look only under the street lamp, we may miss important developments.

DR. GOODMAN: We could well argue that the appropriate use of interventions on a
global level will benefit both U.S. citizens and residents of other countries. We need to consider
global response plans rather than pitting one country versus another. Maybe we can help our
policymakers to come to the same conclusion.

DR. GERBERDING: We need to emphasize economic as well as international health
motives. Multinational corporate interests are likely to be more involved in addressing these
problems than in the past.

DR. STOHR: The question has a political as well as a technical component. The political
component must be addressed at a relatively high level: we are talking about multinational
treaties and agreements between heads of states. We should continue raising the issues at that
level. At the same time, we need to continue to invest in technical solutions like antigen-sparing
strategies that will give countries without production capacity access to vaccines and antivirals as
well as knowledge when they are most needed. We should not put all our eggs in one basket.

DR. FAUCTI: If ever there were a need for international agreements on what countries
will do if and when a crisis occurs, this is certainly one such situation, because if individual
countries make conflicting policy decisions, we will have chaos. We need an international
agreement before we get into a crisis.

PARTICIPANT: We are talking about the availability of new technologies and new
approaches. While on the science side that makes a great deal of sense, we are overlooking the
supply side. Can we actually provide the new technologies, and what is the surge capacity per
item? Given all the orders for antivirals, it's going to be years before they are actually going to be
filled. Today two companies own 80 percent of the market for N95 masks and have no surge
capacity. The United States also lacks surge capacity for mechanical ventilators. The country has
105,000 ventilators, and in any one day 70,000 are in use; during flu season 100,000 are in use.
Unless we are prepared to spend money to create capacity that will not be used except during a
crisis, we can develop all the technologies we want, but our actual ability to bring a stockpile to
market is going to be limited.

During the anthrax situation, the biggest problem many of us in the states faced
concerned reagents for testing for bacillus anthracis—they just did not exist. We couldn't make
them fast enough. Even though scientists might come up with wonderful diagnostics for
influenza, I question how many will be available during a crisis. Wonderful new technology
tools may have little applicability if they are not available.

DR. GERBERDING: I agree but this also speaks to the need for communication, because
we have to make hard decisions about how to spend our dollars. Business figured out a long time
ago that just-in-time delivery was the most cost-effective approach. We are moving in the
opposite direction by stockpiling and investing large quantities of resources in items we might
never use. But that's the role of leadership and the federal government.
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People must understand that readiness will be expensive, that funding might never be
used, and that capacities are in reserve. That's a tough message to communicate, and a tough
position for politicians to be in, given so many competing priorities. We are lucky to have
leaders who are willing to take those steps, but we need to do more, and we need to do it faster.

DR. GOODMAN: We may have rare opportunities for win-win approaches. For example,
progress in the inter-pandemic use of flu vaccine with current technologies will increase the
capacity and ability to respond during a pandemic.

DR. STOHR: Perhaps we need dress rehearsals for the delivery of vaccines and antivirals,
which would enable us to see what is missing and what is needed. We have not mentioned
syringes or the whole downstream need for vaccine packaging, such as multi-dose containers. If
one link is missing in the chain, all our preparatory work may be in vain.

DR. FINEBERG: As we begin to discuss research priorities in detail, we clearly have to
consider the total preparedness strategy, including communication among scientists, across
cultures and political boundaries, with the public at large, and with policymakers. All of that will
affect the success of a flu preparedness strategy
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WORKING GROUPS, DAY 1

WORKING GROUP 1
INFLUENZA VIRULENCE AND ANTIGENIC CHANGE

Chairperson—Robert Webster
Briefer—Peter Palese
Rapporteur—Robert Lamb

Charge: The charge of this working group is to define research priorities associated with
understanding influenza virulence, with tracking and predicting antigenic change, and with
defining which antigenic changes may be associated with increased virulence, risk of
transmission, and pandemic potential.

Potential issues to consider:

1. What studies are needed to define the genetic loci for pathogenicity in avian and human
influenza virus strains?

2. What studies are needed to affirm the hypothesis that incremental acquisition of genetic
changes can lead to influenza pandemics as compared with the sudden emergence of
previous pandemics?

3. What studies are needed to track the rate of antigenic change in avian and human influenza
virus strains and to predict changes that may occur?

4. What studies are needed to determine whether pandemic risk can be predicted by virulence
factors and/or antigenic characteristics?

REPORT TO PLENARY

Rapporteur—Dr. Robert Lamb

One question concerned how we would define the loci for pathogenicity with influenza
virus. We know at the molecular level the importance of the hemagglutinin's cleavage site. It is
required to becleaved to HA1 and HA2 which activates the molecule for fusion..

We know that if we have a multi-basic residue at the HA cleavage site, it has the potential
to be cleaved in the trans-Golgi network, and that correlates directly with high pathogenicity of
viruses in many cases. If that cleavage site has only a single basic residue, it very often correlates
with low pathogenicity. We know that the ability of neuraminidase to bind the protease
plasminogen is a determinant of pathogenicity, because binding plasminogen then causes
cleavage of the hemagglutinin, such as found for the WSN strain.
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We know that the presence of carbohydrate sites around the cleavage site of HA are
important for pathogenicity. We know that certain mutations in the NS1 protein affect cytokine
production in some viruses. And we know that mutations that affect replication and decrease
replication—such as in the cold-adapted virus and the so-called PB2 627 mutation found in many
of the H5 viruses—Ilead to a difference in pathogenicity in the mouse.

One important consideration is that the very same residue makes no difference when the
studies are done in ferrets. Researchers are now using mice, ferrets, and chickens as animal
models. The use of non-human primates for influenza virus studies is somewhat questionable.
Although mice are obviously the smallest and cheapest animal, there are major questions about
the use of inbred mice, particularly the popular strains that lack the MX1 gene, as those do not
produce the induction of a normal antiviral state. The best model animal system is probably the
ferret: it requires no adaptation for human viruses. However, we do need to agree internationally
on one strain of ferret, because British ferrets and Japanese ferrets and American ferrets are not
all the same.

Another problem is that very few immunological reagents exist for the ferret. How would
we study a cytokine response? We need a ferret DNA sequence genome project, like those under
way for another 11 or so organisms, from zebra fish to mouse, and of course humans before that.
We also need to increase the number of ferrets. That doesn't just mean ordering a few more. We
need a very large breeding colony—the approach taken with the breeding of woodchucks for
hepatitis-B studies. We should also determine if other small animal models would work, such as
hamsters and mini-pigs. An underlying need is for biological containment facilities for both
tissue-culture work and animal work.

We need to determine the genes needed for both transmission and pathogenicity, which
we would do by making reassortments using reverse genetics—the so-called 6 plus 2, 5 plus 3,
etc combinations of 8 genes. We would then study the genetic basis underlying transmission,
virulence, and pathogenicity in terms of the function of proteins, the structure of proteins at the
atomic level, and how proteins go together to make complexes such as polymerase. We do not
completely understand the components of what can be reassorted from one strain versus another.
The suggestion is there are incompatibilities among proteins—that not all P proteins can go
together.

We were asked whether incremental changes in the genome lead to pandemics. We know
that from 1997 to 2005 the H5N1 virus gained the ability to kill ducks, and that it has transferred
to cats and killed them. We need studies where a series of viruses have changed in virulence
pathogenicity.

We need to obtain the genome sequences of all these viruses and post them on public
databases. The new NIAID-NIH-sponsored public database with The Institute of Genome
Research (TIGR) sequencing genomes of human viruses is a start, but we need such an approach
for other viruses as well. We also need reverse genetics working for all of these viruses. And
when we have all those components in place, we can then show that mutations are sufficient and
necessary for the property of pathogenicity being examined.

The third question we were asked was whether studies are needed to track the rate of
antigenic change in avian and human strains, and to predict the changes that occur. As
background, note that only three hemagglutinin subtypes—H1, H2 and H3—cause major human
disease
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We know, as Dr. Palese has often pointed out, that the 1918 virus caused a W-shaped
death rate. That is, if we plot the number of deaths on the Y-axis and the age groups that died on
the X-axis, we find that young people died early on, and then there was a gap, and older people
died much later. People between 30 and 60 years of age presumably had prior exposure to an H1-
like virus. We should add that it is thought that H3 and H1 both circulated before 1918, and that
there is no evidence that HS, H7, H9, or any of the highly pathogenic viruses in avian species
were found in humans in those earlier times.

A question about viral archeology inevitably comes up—the sort of studies that Dr. Jeff
Taubenberger has done. Such investigation is very difficult because tissues were not preserved
before 1900. His work was done on formalin fixed tissues. The question was raised whether we

could examine tombs in churches for examples of antibodies, but we felt that would be extremely
difficult.

At the theoretical level we can continue to predict changes and the effect on antigenic
epitopes. An example is the paper in the Proceedings of the National Academies of Science by
evolutionary biologist Dr. Simon Levin and his group, who predicted HA clusters and antigenic
evolution. Such studies should continue.

Surveillance of influenza viruses—now occurring throughout the world—should also
continue, as should nucleotide sequencing of viral genomes. Ideally, we need better
immunological markers. We point out that hemagglutinin inhibition tests are insensitive, and that
they don't work on HS viruses.

Question 4 addressed the studies needed to determine pandemic risk associated with
antigenic characteristics. We need to determine the extent of antigenic variation that yields a
pandemic strain. We need both human and animal studies to follow how much variation can
occur in a strain and still lead to disease and pandemic potential.

We would like to know whether preexisting antibody to one subtype can have an effect
on infection with another subtype. That is, we can look at the ability of viruses of different
subtypes to infect animals such as ferret that already have antibody levels to common human
viruses. If we already have some antigenic determinants to a component of any one of those
viruses, might that provide some benefit against infection with another influenza virus?

Lastly, Dr. Purnell Choppin and others asked whether we need studies that ask whether
human genetic changes increase or decrease susceptibility to influenza virus infection. Could
such studies be coupled to the NCI cancer genome project? For the mouse, such work could
easily be coupled with the huge forward genetics projects occurring at five centers in the United
States for mutagenizing the mouse on a total random basis and mapping any genetic changes.
Could we use those leftover mice to determine if their susceptibility to influenza had increased or
decreased? Although the mouse may not be a very good model, those projects provide an avenue
of research.

Our workshop’s first priority is to determine the sequences of human, animal, and avian
isolates within an epidemiological framework. We want to stress the latter, because just having
the sequences doesn't help. We need to know the clinical data from human cases to accompany
the sequences.

Our second major recommendation is to determine the genes and their function for
transmission and pathogenicity in ferrets using qualified reagents. That one sentence
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encompasses several needs. Such an effort will require ferrets—Ilots of them. We are talking
about determining not just which genes are involved but also their function. That will require a
lot of basic research.

Research Recommendations
Priorities
e Determine sequences of human, animal and avian isolates within an
epidemiological framework.

e Need for clinical data from human cases.

e Determine the genes and their function for transmission and pathogenicity in ferrets
using qualified reagents
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Priorities

1. Determine sagquencas of human, animal
and avian isclates within an epidemialogical
framework.

2 Meed for clinical dats fram human cases.

3. Determine the genas and their funetian for
tranamigsion and pathogenicity in ferrats
using gualified reagents.

(Slides available on accompanying CD)
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WORKING GROUP 1
Influenza Virulence and
Antigenic Change

Chairperson — Robert \Webster
Briefer — Peter Palese
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ek : Potential issues to consider:

What studies are needed to define the genetic loci
for pathogenicity in avian and human influenza

virus strains?

Identification of relevant strains

Better and different animal modals

Use of reverse genetics to study strains/mutants
Transmission studies
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2) What studies are needed to affirm the
hypothesis that incremental acquisition of
genetic changes can lzad to influenza
pandemics as compared with the sudden
emeargence of previous pandeamics?

INFLUENZA A VIRUS SUBTYPES IN THE
HUMAN POPULATION

H3N2

H2
S 1M1 Hi1%1
Ll | T l I |
TN e T 180 kL. Ll FaE
YEAR

HYPOTHESES

OMLY REASSORTANTS BETWEEN
HUMAN AND AMIMAL (AVIAN) STRAINS
CAM "MAKE IT"

GRADUAL/INCREMENTAL CHANGES IN
AN ANIMAL STRAIN CAN RESULT IN A
NEW PANDEMIC VIRUS

3) What studies are needed to track the rate
of antigenic change in avian and human
influenza virus strains and to predict
changes that may occur?

Better immunological markers are needed
Sequencing of strains is appropriate

Proc Natl Acad SciU S A. 2002 Apr 30;98(9):6263-8.

Hemagglutinin sequence clusters
and the antigenic evolution of
influenza A virus.

Plotkin JB, Dushoff J, Levin SA.

Department of Ecology and Evolutionary Biology, Princeton
University, Princeton, NJ 08540, USA, plotkingias. edu

THE NEW ENGLAND JOURNAL OF MEDICINE
Yolume 352:686-691 February 17, 2005

Fatal Avian Influenza A (H5N1) in a Child
Presenting with Diarrhea Followed by Coma

Menno 0. de Jong, MO, Ph O, Bech Van Cam, M.D,
Phar Tu Qui, M.O., Vo Mink Hien. M.0O., Tran Tanr
Tharh, M.5c, Nguyen Bach Hue, M.D., Marce! Baid,
Ph.D, Le Th Phuarg, M. 0. Truong Huw Khank, MO
Nouyern Van VWinh Chaw, M D., Trar Tinh Hlen, M.O.. Do
Guang Ha, M.0D.. PhD., and Jeremy Farrar, F R.C.P,
0Pl
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4) What studies are needed to
determine whether pandemic risk
can be predicted by virulence
factors and/or antigenic
characteristics?

FDA-approved Antiviral
Drugs against Influenza

Generic/{Trade Name} Route
« Amantadine ORAL
+ Rimantadine ORAL
« Oseltamivir(Tamiflu) ORAL
+ Zanamivirl{Relenza) Inhalation
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Oseltamivir Protects Mice from o Lethal Challenge
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AVIAN INFLUENZA THE
NEXT PANDEMIC?

MAYBE NOT

Table 7. Serological Evidence for Human Exposure to Avian Influenzs
Wiruses im the Hypathetical iInfluenza Epicentar and Occumence of these
Wiruses in Domestic Ducks There
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[Discovery of men infected by avian
influenza A (HOMN2) virus]
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Cua¥, Lid, Chang X,

China Mationai Influsnza Cerviar, Instiute of Vieakogy, Chinese Acadamy of
Preverdne Medicine, Seijng 100082
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Nature Medicine 10, S82 - S87 (2004)

Influenza: old and new threats

Peter Palese

Department of Microbiology, Mount
Sinai School of Medicine, New York,
New York 10029, USA.

IT’S TOUGH TO MAKE
PREDICTIONS,
ESPECIALLY ABOUT
THE FUTURE

Yogi Berra

(Slides available on accompanying CD)
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WORKING GROUP 2
CONTROLLING ANIMAL INFLUENZA AND DECREASING
ANIMAL-TO-HUMAN TRANSMISSION

Chairperson—David Halvorson
Briefer—David Swayne
Rapporteur—Bruce Innis

Charge: The charge to this group will be to define research needs related to strategies for
controlling the spread of influenza among animals and decreasing the risk of spread from
animals to people. Specific research areas may include assessing the role and impacts of vaccine
in animals; environmental modifications and precautions to decrease the spread of infection
within and between farms; optimal approaches to culling animal populations; and prevention or
management of exposure to infected animals by people.

Specific Questions:

1. What studies are needed to determine whether the circulating avian influenza HSN1 virus
in Southeast Asia is likely to cause a human pandemic?

2. What studies are needed to assess the effectiveness of strategies to control animal
influenza?

3. What studies are needed to assess optimal approaches to use and to assess impact of
avian influenza vaccines?

4. What effective cross-cutting technologies for control of animal influenza are translatable
to human pandemic scenarios?

Report to Plenary
Rapporteur: Dr. Bruce Innis

We selected several objectives for the intermediate 5-to-10-year horizon. The highest
priority is to focus resources on country-specific epidemiological studies targeted at
understanding both disease and transmission in animals and in humans.

We focused principally on avian influenza. The countries now affected in Southeast Asia
do not have a unitary system of poultry production. Thus it is important to look not only at
industrial settings but also at village farms, where much bird raising occurs, and also at live
markets, and to remember that animals are raised for recreational uses and captivity.

It is also important to investigate the epidemiology of humans who care for these
animals—we are dismayed that more is not being done on that front. We would like to know
where transmission is taking place. Why are people who apparently are exposed not becoming
sick? And in many cases, why are they not becoming infected?
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Immediate: Epidemiology

= Country specific epidemiological studies — both
animals and humans

— Conduct surveillance in industrial settings, village
farms, markets (also captive birds)

— Conduct studies to identify risks for humans
= Where are humans acquiring infections?
= Why don’t these individuals become sick (or infected)
= Develop a more accessible serology method; micro-NT
necessary (standardization ongoing)
— Complement epi studies by evaluating pathogenesis
in affected bird species — domestic, captive and wild
birds

We recognize that the serological method is a barrier to such investigation: no easily
accessible tool such as an ELISA test is available. Most such investigation is based on micro-
neutralization, and even that is not yet standardized.

We would like to complement epidemiological studies by evaluating pathogenesis in the
affected bird species, looking at both domestic and captive birds, and at wild birds as a lower
priority.

We would also like to perform reverse genetic studies to identify avian influenza genes
from specific strains with the greatest interspecies transfer potential. Of course, caution needs to
be exercised to contain these strains, and there would still be a gap once we developed these
resorted viruses, as we lack methods to realistically assess their person-to-person transmission
potential. A tool for doing so needs to be developed in parallel.

Immediate: Reverse Genetics

= Perform reverse genetic studies to identify
avian influenza genes from specific strains with
greatest interspecies transfer potential

= Caution should be exercised as to the
appropriate biosafety level for re-assortant
studies to generate a potentially pandemic
strain by reverse genetics

= Develop methods to assess person to
person transmission potential

We also prioritized identifying control measures optimized for conditions in developing
countries, although some U.S. communities raise birds under the conditions used in Asian
villages. As many as 100,000 people in Southern California are raising small poultry flocks with
10 birds or more in their backyards, for example. We would like to see an assessment of creative

70
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solutions for such small flock holders. What kinds of educational approaches would work? What
economic incentives can be used? What changes in agricultural systems should be employed?

5-yr: Identify control measures

= |dentify control strategies optimized for
conditions in Developing Countries
— Assess creative solutions for smallholders: education,
economic incentives, changes in agricultural systems
— Perform knowledge, attitude, practice studies
= Assess all strata (recreational vs village vs industry)
= Assess what interventions are practiced
= Leverage local pathways for communication
= Leverage public education system to introduce better
practices
— Perform operational research to assess impact of
interventions such as education including baseline
surveys

We view studies of knowledge, attitude, and practice at recreational, village, and industry
levels of bird rearing as very important. We need to assess what interventions are being practiced
now, and leverage local pathways of communication and public education systems to introduce
better practices and ensure that the people who own these animals and their children are aware of
the objectives and risks of control. As a complement, operational research needs to assess the
impact of interventions such as education. That is predicated on baseline surveys, which should
be done now.

Although many animals are vaccinated, we need improved standards for vaccine purity,
safety, and especially potency, particularly for avian influenza. Research needs to improve
procedures for lot release that assess potency. We need to have to better understand vaccine
potency and how to measure it, and we need greater regulatory oversight. Although that is
usually a national responsibility, international dialogue is also important. This isn't a topic for
research, but it is certainly a topic for discussion.

5-yr: Technologies to better
regulate animal influenza vaccines

» Improve standards of purity, safety & potency
of Al vaccines
= Research to improve procedures for lot release
(potency): what is it and how should it be
measured?

= Greater regulatory oversight (internationally)
= Studies to confirm efficacy of Al vaccines in
chickens and also ducks, geese and other
minor poultry species
= Need effectiveness studies to monitor product
= Particularly in Asia if vaccines will be used for Al control
= Develop vaccines for domestic ducks and geese

Besides improving animal vaccines, field studies need to assess their effectiveness,
particularly in Asia. If vaccines will be used to control avian influenza, then studies need to
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assess their impact. Although domestic ducks may be a very important reservoir, we know
almost nothing about the effectiveness of these vaccines or their suitability for ducks and geese.
We need to develop vaccines for these waterfowl.

In the long-term, various efforts could improve veterinary vaccines. Cell culture might be
used to produce influenza vaccine antigens to be combined with new adjuvant systems. The
usual adjuvant system for veterinary vaccines is an oil and water emulsion. Birds that have been
vaccinated and retain oil are not considered suitable for sale, so we need oils that serve as an
adjuvant that can be more rapidly metabolized. We also need to develop vaccines that not only
maintain a flock’s economic viability but also reduce transmission. The need for techniques for
mass-delivery of vaccines is also great.

Lastly, we prioritized the development of animals to predict and understand the potential
for circulating animal influenza viruses, including HSN1 Asian viruses, to infect humans, and to
be transmitted from human to human.

10-yr: Improve Vaccines

= Cell culture production
= New adjuvant systems
= OQils which can be metabolized

= Vaccines which reduce transmission
(Sterilizing immunity is unachievable)

= Mass delivery techniques

10-yr: Animal Models

Develop animal models to predict &
understand potential for circulating
animal influenza viruses including H5N1
Asian viruses to infect humans and be
transmitted from human to human
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Working Group 2 Briefing Slides: Controlling animal Influenza and Decreasing Animal-to-
Human Transmission-Dr. Swayne, Briefer

Controlling Animal Influenza and Questions
Decreasing Animal-to-Human = ) ;-
T e o Studies to assess effectiveness of strategics to
ransmission control animal influenza
» Studies to assess optimal approaches to use and
David E. Swavne to assess impact of AT vaccines
Southenst Pouliry Research * What cross-cutting technologies for control of
Labaratory animal influenza ave translatable to human
Agricultural Hescarch Service i |
LS, Department of Agriculiure I]“'“d__emlc ﬁ{cnﬂ.n?s L .
Attwens, Georgi = Studies to determine whether the circulating Al
HASNI virus in Asia is likely to cause a human
pandemic
1. Animal Influenza Control Strategies 1. Animal Influenza Control Strategies
No single poubtey production system in SE Asla — vary by country Eplzonthc — 5, Korea
- steac | Flhting | inaiv l o s | Plehting | wilanicds !
; s Cocks ; p { Mea plptiis 1
Organic | Tarkeys Villnge Oirganic ' Tarkeys 1 Villnge
Pealtry L Puublry Pealtry ] L. Pouliry
e Dutdaoy ¢ Caglive e Cutdaor ¢ Cagltivn
Tt & ! ndustrial | I Bisains | " Birds Tt & 1 Industrial | I Bisains | " Birds
- Fouliry - Fouliry
1 . Live 1 . Live
Criher | Pouliry | Ciiher | Pouliry |
Species . L M Blnrkets Speches . M Blnrkets
L i T R Mhmcks, Gerie Coohet g dusirial 3 Ducks, Detsd
g Pouliry e Chickens Species Poultry & 1-Chickend
Thas comtrl will vary with - : 'l'h-hl muﬂ;lﬂ:_m'“!hr e
e i & i A i h -Laye
u;r:crl:l:n?:ljﬂfd::u r-“li'l.'hll:ki.‘ﬂh | Bresders | ; x&::.r\-l;ru_\m:m: by Chickeas A [reeders| ;
1. Animal Influenza Control Stratesies 1. Animal Influenza Control Stratesies
Eplzonthe — Malayaia Eplzoathe —Thailand (1% wave)
! gl | ot o Fightleg '\ | Wildmirds ! el | e Fightleg |\ | wildirds |
“Oirganic | ! Tarkeys g Village " Organc |t Tarkeys g Village
Pealsry 1 L. Puuliry Pealiry . Puuliry
en o Dutdaoy ¢ Cuglivn e Outdaoy ¢ Cuglivn
e & ! ndustrial | i | " Birde e ® ! Industrial | i | " Birde
. Foultry - Fouliry
- < Live 4 ¥, Live
Dribier | Pouliry | Driher | Ponliry |
Species . L M Blnrkets Speches . L M Blarkets
! Otber |y aueicdal (Dcks, Ceeie : DAt pndustrial \Dwcks, Geeie
Spamtes Poultry s Chibcken fpeley Poultry iy Clbehoeny
Thas comtrol will vary wille Thas comtrod will vary widle
ach & Vi specilig Laver ach & Ui apecilig Laver
i ) () | et ) ()
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1. Animal Influenza Control Strategies

Household Income. -

I‘.:I:-hﬂlu' ~Thealband (2% wave)
“f Fighileg i I 5
Mlear ‘IL'_::IL_:- WildBirde b -l‘ v l.'_.ljul'ltr',.-
Dirganic Tarkeys Vilinge
Pealtry Fuuliry
- Indonesia
— Dutdoar { Captive -
Cqe r"rd'::ﬁ" iz | ‘., Birdy Lao POR
i
=3 T Thailand
Liiher Punliry | \Makna
Species PRt Vietnam
Imdocr Mewi £ -
i i Indusirial mcks, tesie Cambeodia
Speaies l'[ﬂ.ﬂh_\‘_ & Chickem
Thas comtrol will vary will Dﬂl.hi:]'l_'. — FAO Study
euch coumiry & their speifie Laxer AN m &
sprbeuHsral sustoms Chickens i B Ll

Many households have poultry - few Duck systems
are commercial
s Of interest because of the ducks’ roles as
silent ; | e it limited data
s Ducks are 10-15% o e
population in the
s Three systems:
= Commercl
nal and large flocks:
water bodies
ystem with a few ducks
cen — frequency not

"y

Dolberg — FAO Study i s Dolberg — FAD Studs

1. Animal Influenza Control Strategies

The market

Veterinary infrastruciure

= Played a role in spreading the Adequate GDP
disease Low rural population in animal agriculture
= Farmers sell sick animals » Education on disease control
= Women keep birds in mare than one %

household as a safety measure for "a . T :
bad day”. ' = Suecesses (eradication): Japan, 5. Korea,

Malaysia, (Taiwan)

Financial incentives to seek control

* Successes in management: Hong Kong, China,
{Thailand)

Dolberg — FAQ Study
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1. Animal Influenza Control Strategies

+  Country specific epidemiological studies — FAQ,
OIE, EU, and others

«  Swurveillance: agricultural systems, captive birds
and wild birds

*  Understanding pathogenesis in affected bird
species — domestic, captive and wild birds

«  Could pigs play a foture rode in pandemic viros
generation?

«  Creative solutions for smallholder: education,
ceonomic imcentives, changes in agricultural
syshems

WA

2. Animal-to-Human Transmission

Potential Modes of Transmission to Humans
= Inhalation:
= Contansbnated dust from farming aperathons

+ Fine water droplets generated during slwghtering,
defeathering, eviscerafing amd preparing

» Contact with oral'nasal mucus membrane or
conjunctiva:
+ Hand-transplastation of viros from conteminated

suirface {poultey feces, resplisatory seerethons or ather
contaminated produocts)

= Dhirect oral exposure in cleaning Tighting cocka?
* Consumption of raw products?

+ Dhuck blod pudding & internal organs

= Mo epidemiological evidence at ihis timne

2. Animal-to-Human Transmission

2. Animal-to-Human Transmission

= Exposure Risks for Infection: Assessment of
HEN1 HPAI - human eases [HK 1997, Vietnam

& Thailand E‘..I.I'I:Ip' zll'll-l-] (Maumts ot ol 0L [0l Dis, THI:S05-
S8, 1994 Tram oo al., NEJA 350 |12 1070830 200d; Chodpitoyasanomdl
et al., K1 2065 11425200-9)

- Risk: exposure 1 week before illness to live
poultry, direct contact w/sick pouliry
Nt a risk: travel, preparing or eating poulivy
meat, or exposure to human Al cases
Nt involved in organized culling or large poultry
farms
Cuses were associnted with Village (smalllobder)
poultry or Live Poultry Market

Occupational risk for exposure & infection (HK
1997} pouliry farmers, depopulation crews &
PPrOCCSSOUS (Bradges e al., 1. nf, Dis. 1581051000, 2040 ).

Some suspected limited human-to-human
transmission — family clusters

January 2004 cases in Hanol wiew o o, #1m 2008
iizkzin & no health coreworker cases
Meeds:

Timely epiddemiclogicnl studies and sharing of data with

veterinary medical sector which will asskst in focusing control
efforts in amimal ovicultural secoor

3. Disease Control Basics

Avian Influenza Vaceines: Poultry

= Strategies for dealing with poultry disease are
developed to achieve ome of 3 goals or outcomes:
Pravenition: preventing introduction
Memapereny (Controll reducing losses by minimizing
negative sconomiic impact through managsment practicss
Erpipeticer todal ¢limination
* These gouls are schieved through various
strategies developed using universal components:
Bioseourty (exclusion and mclusion) meloding quaranting
Dangnostics apd surveillanc:
Elinxination of Al virus infzeted pouliry
Deereasing host susceplibility Lo the viros {vaceines and
host genetics]

= Educntion
I Xl

« Vaccination not routine in most of the world
+ No single vaccine for Al viruses

« Anti-HA antibodies are protective, but NA
also protective, less effective

* vpes of Vaccines

Inmectivieted whobe Al virws (U E)

Recombinant Hve virus vecdors:
Fowl Pax (), VEE (E), ALV {(E} & ’J
Wuccinia (K}, ILT {E), MDA {E} o F

Suhunit AT proteins (E)- HA, NA: e |
Baculoviris, Yeast, Bacterial, Plant
Muked M8 A vaecines (15)
#  Critical: safety, purity, potency &
CCOMOMY
I Xl
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Vaccines in Al Control

Avian Influenza Vaccines in Asia

= LPAI outhreaks -
= Waterfow] - origin viruses: Meat Turkeys {Minnesota: 22
million doses over 20 years) -
* Hwine influenza (151 HUNE, H3NT) Turkey Breeders (2.6
million USA 2001 ) ather subtypes in world osed
= 17 & N5 in Haly — use in orens high risk sinee 2000
o H9MI Middie Ease and Asia: billions (7) doses
* Layers - rare mse LSA (inactivated H6N2 & HTNI)
* HPAI - outhreaks
= Yexico (1H5-2000) - HEN2: =13 billion doses inoctivated &
=1 hillien doses Fowlpox recombinant
o Pakistam (1995-04) - TN inactivated (7 Doses)
¢ Homg Kong (2002-1) — HENT: inacotivated; China &
lindonesin for unkmwn period (2 billion doses)

WA

+ Inactivated vaccine strains:

= Afturkey/England/73 (HSN2) LPAIV

* Afchicken/™exico™4 (HSN2) LPAIV

« Afchicken/Indonesia/03 (HSN1) HPATY

* AfturkeyWisconsin/68 (HSN?) LPALY

* Infectious clone: HS & N1 genes of

Algoose/Guangdong/9%6, 6 internal genes PRY
* Fowlpox recombinants with ¢DNA inserts of
Al viral genes

« H5 gene - Afturkey/Trelands83

« HS & N1 - Afgoose/Guangdong /96

WA

Components of Effective Inactivated
Al Vaccines

= Proper adjuvant system (major)

= High antizen mass in cach dose (major)

® Proper transportation, storage &
administration in high propoction of
population to get effective immunization
{major)

= Proper vaccine strain — homalogous
hemagglutinin and sufficient sequence
similarity (minor contribution)

WA

Priorities for Vaccination

Decreasing Order of Priority

1. High risk situations; c.g. in an outhreak zone as
FiNE o SUPPressor vaccinatisn

2. Valuahle genetic stock such as pure lines or
grandparent stocks whose individual value is high

3. Rare captive hirds

4. Long-lived birds, such as cgg layvers or parent
breeders

5. Meat binds

WA

Properly Used Al Vaccines

Recombinant Fowlpox & Inactivated HSNY
Al Vaccine Protection Against HSN1

Protection

* Increase resistance to ALV infection

* Prevent clinical signs and death

* Reduced shedding of fleld virus when infected
Prevent or reduce contact transmission

Provide long protection from single vaccination

Protect against high exposure dose of field virus

Protect against a changing virus, but vaccine
strains will have limited life span
NOSTERLIZING IMMUNITY outside the
Ianboratory

WA

Chlchens voodnmbed 503 1d with lowlpox- A1 HE pecomblnamt® or macibonved
whole &IV vaccine®* aned 1N challenped oi 3 whks with low challemge dose (107
Bl of HFATY AdelsichontSouth Kores 00 [HSN1])

AMuosrtalily (Wean
Vacehne Group Muoridity | Death Tl bn days)
I emadipone roooanbas
(10" T Tl w1zt
(10" TR 1zt 12" (5.0
Dot a1a” 210" ¢4 Ty
TWH Ol Frusified (2.
3 jig HA protein)®= ozt m12*
“HS geme of Afturkey/Irelaml® Swayee, Develop Biol 119:215-208, 2004
== AlturkeWisconsim'G8 (HEN9)
I Xl
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Recombinant Fowlpox & Inactivated HSN9 Vaccine Protection Against Asian HSN1
Al Vaccine Protection Against HSN1

Clslckens vacrinabed 503 1d with owlpox- Al -HE recombingn ® or mactivated

Chichens vacdnated S0 3 whks with bactivided svhole ALY

whobe ATV vasccine** ansd 1N challenged at 3 wika with low cholemge dose (1P wacelne and IN challenged § whs kater with 108 EID,, of HPAI
EI,, of HEALY AfelsichonSsith koreaZ980 [HEN1]L CAchicken Indonesin/ 72003 | HENL )
% 3 = 1994 Narth American vaccine vires
Vi Inalution, 2 d"”_m""'-"”ﬂ 196 Eurasiann vaceine viras
{Lagio ElPsy Gler'mi)
Vaccine Goap Orul swmls Cluncul swab Virus lsolailon, 3 TPC
Fireipos mesnmbinamt Moarteaty | Mortatity | CL7Ria B Uierimi)
F'III‘ T it (6T e LT} Cirnup Yurrne | | Mg wril | doacsl
7 F i Mebills Hepadih + ND 1 BV i | Ioae*
Firwlpoy :r!-l:llhﬂ & > _ Imae (Conired) | -] (B1E ") | (5327
0 TR W™ (= ¥T) 8" i) 1 Mahili 1A InscEvaied L in® e 210 i
= w5 (306 a5 (LI HE%2 (hbexicam Btralng ans rLoe Y
TVYIGE Dl Emusified (24 3 Aol [eloenes, N2 1an® 110" = "
3 ppg FLA prodsin}=* 5" =0,97) ws* g=n.97) s s L L7 AL,
“HE gene of Adwrkey Trekmil®3 Swnyme, Develop Blicd 119:71=<228, 2004 HAL A, simdlarily with challenpe virss, Mavican Sirain B8 & Farspean %189
0 Atk W s s (HSNY FIF-Ha FRENr

Fowlpox Recombinant Virus:
Protection Against Changing Virus

Vacecime Vieus Hi A4 Fowdpoa | Fowlpes-
| SmBarily | gomtruls | A€ ELA®
TR el TS pRIERRLY IKIL
TH/England/f1 [sa2% |10 o
TernSAlca/ 59 D5 1% pRItRRLY NI
CRS ol 2 [mas o (o
"Dﬂg Koomg 158707 BT a0 NI
CRMuorelarn 1450002 | S03% (1000 | 10
[K/Ontnrin 31266 | 80.1% wip i
Emn/ TXOIRZA0S | HH0% [7a0 o
CRAP AT H1.3% 0| o

* challenges vim
T o T . SFowlpac Al HA Bad TRidreland®) e insenl
ivo | B:1 (BB 1055 KU AR e (Swayne o al . Vaeeine |5 [0S 1068 3000

Broad and longer-term protection

Protection in the F f Changing A1V " .
i i el e e S s efficacy of poultry Al vaccines

= 100% protection from clinical signs and death * Proprictary oil-emulsion-adjuvant technology —
intense & long-lived immune response
= Variable reduction in shedding of challenge virus = AT virus immune response in poultry appears o he

broader than in humans

* Greater genetic hiomogeneity in poultry gives more
consistent immuniny

* Young, healthy poultcy population are immunized
verses in humans with emphasis on population at
highiest risk of severs illiness amd death

= Limitl to how long a vaceine strain can be used —
evaluated biennially

WA
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Limitations and Disadvantages of
Avian Influenza Vaccines

Cross Protection of Commercially Vaccinated
Birds to Different LPAI Challenge

= Best protection is in experimental studies
with specific pathogen free chickens
= Field protection less than in laboratory

¢ Mexben: wse of vaccination to contral both LEAT and HPFAT
started in 1995 using Killed amld in 1998 using recom bimamn
Fomd poxvirs { TR Trelmd 83 HS pene imuert)

*  Hus field struin drifted from vaccine? 1s protection still

milegqunte?

* High challenge exposure

: Py, : Orruphoryngenl Yieal Titers
Impropes 1.ni:f:|nar|nn techmique Eiings s gor N, Tk Al

+ Reduced vaccine dose ¥accine srals AWPL LEE SN L5

« Immunosuppressive viruses JMIY L L] 1w

. . x . CHAALL 14 378588 LI RETEAL ] 43R
Improper xmhl_lr_,n. & handling of vaccines Limeage & E i .

* Unable to vaccinate 10055 of poultry P T e ——— 1 T T T LR
population Limage B SOFL AR (LA ETLE

T Leeetad | Yo TEELT2HE38], 24y T
4. Will the H5N1 Be the Next Pandemic Limitations and Disadvantages of

Virus?
. ]_.t'-iﬂn distribution and inf-:ttmn in mice

Avian Influenza Vaccines

+ Must be able to differentiate infected
from vaccinated animals (DIVA):
« Must detect “silent™ infections and eliminafe

Itnky/57 | {8 -3 immediately
Foats3 1 i 3 3 * Al vaccinated Mocks must have surveillance
Engfl | 18 I8 | eeal, ] Virsl TORLAITA5S, 3006 * Speeific asrolegical tests, or
32095 ! L -2 - Ei|:lri1m1.nlu||3. somme ATV * Unvacrinated semtine] animals - serobsey and
146 s : ¥ T A :
il .' j‘r B .“C’ canse infection and disease in Viens detechion; and L9
FIR/2H | B8 -24 mice, but not all ATV do! * Virus dlelrﬂkm (wirus isnlafion or RT-PCR) on
PIRTIE | 6% -10 |« Walwe of Ferret and Primate feni bty
Eheen 08 7| mudels
(SRR o (SRR o
Interference of Al Vaccination with Neods in Vitcines and Vaceination
i 1 ] 1 |
Surveillance
Serolngiend Test I. Standards in purity, safety & potency of Al
Hamo, Hetero, vaccines
.'\'P:'.“ T'-'ﬁ ¥A  NA NS 2. Studies to confirm efficacy of Al vaccines in
AGHELIER) D M) ducks, geese and other minor pouliry species
AT Field Virus X X %A Lo X 3. Effective vaccines that can be applied by mass
Hamabogeus N immunization method
inactivated ALV vaccine X X X 4. Metabolizable oil sdjuvant svstems
Heterabogous NA L : : 5. Sterilizing immunity?
imactivated ATV vaccine X X - X 6

Recombinant Fowlpos,
subuonit HLA & DA HLA
vaedines X

Unvaccinated sentinels

e m

Effective DNV A strategies that will be used to
identify infected Mocks for elimination

7. Perindic evaluation of vaccine strains for efficacy
against predominate circulating strains

e m
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4. Will the H5N1 Be the Next Pandemic
Virus?
. Lc-.iﬂn distribution aml inf-:ttmn in mme

XA w

Itaky97 | 1% .3

Seat's® | (V8 5

H!'1_*"-”. | B I oy e TGHIA 140N 1000
Eﬂ:"dllli : :: -":6 * Eipl‘_ﬁl‘l‘lll‘!lu“]q some A[\{

v e wr cause infection and disease in
2o B8 2% | pjee, but notall ATV da!
FIRTI6 | 6% -10 |« Walwe of Ferret and Primate
Shem 8 7 musdlels

Mot all Asian HSN1 ATV have same potential to
infect and cavse disease in humans

[hree HAN2 HPAIY in ntranasally inoculated BALB¢
e

Virus Maortality Lung Lesions Wirus location
220087 100% A3-80% lung. trachea, brain, kidney
317.5/01 0-10%%: 20-33% |, trachea
Amyangi0l  22-33% 0-10% lung, trachea

{ Tunspey ot al._. Vieol. Jhoedddndss, TINT)

& 20032004 Cases only in Thailand, Vietnmn and
Cambodia, but not other Astan countries with H3M1
peuliry cases

* [ifferences in virus strains

* Exposure differences I

Do LPATY have the potential to infect and cause
disease in humans?

Qiraiaps Mouse Strain
BALBG (Mx1-) CAST/E (Mx1+ & Mxi-)
Womal iy Virus lsolation® Wonalky  Wirus lsolation®
Tres: s Lung Trachea Lung

(=] i3 W iv} w2 [I1F 3 wr
PRITTATET s 1EARY 02 s i wi
[LFLFal
PARMSZALET Y AT 2IET DS [T} [T
IHINT)
HEMHG57 HENT] 65 fraran ool IR [ T EAMY  mEATY
(Heasler el ol Avan Disenses 47:1822-10034, 2003)

e m

Human Pandemic Influenza

+ Which one of the avian influenza viruses could
contribute genes to the next human pandemic
virus?

* LPverses HPAT as contributor of genes
= Aszian H5N1 HPAIT

* Asian HONZ LPAL

= H7N3 HPAL

« HTN7 HPAL

+ HTNZ LPAL

= H2ZND - the old nemesis?

Needs: Determine What AT Virus{es) Have
Greatest Potential to be the Next Pandemic
YVirus!

1. Develop, evaluate and use animal models to predict
andd understand human infection and transmission
potential for circulating Al viruses including HSN1
Asian viruses

2. Determining in vitro anti-viral susceptibility and in
vivo vaccine protection against cireulating HENT Al
viruses a5 prelude to human prevention

3. Reverse genetic studies to identify avian genes from
specific strains with greatest pandemic potential
{reassortants) - Caution should be exercised as to the
appropriate biosalety level for reassoriant studies o

genernle o potentially pandemic strain by reverse
genetics

XA m

Thank you for your attention!

(Slides available on accompanying CD)
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WORKING GROUP 3
INFLUENZA DIAGNOSTICS FOR SURVEILLANCE

Chairperson —Richard Webby
Briefer — Nancy Cox
Rapporteur — Alan Hay

Charge: The charge of this working group is to define research needed to improve influenza
surveillance through improved diagnostics and surveillance methods in clinical settings and in
animals.

Specific Questions to address:

1. What studies are needed to assess and improve the specificity, sensitivity, and robustness of
current diagnostic methods in influenza surveillance?

2. What studies are needed to assess diagnostic methods that are more rapid, cheaper, easier to
handle and transport or that have additional capabilities such as detecting subtype or
antiviral resistance?

3. What studies are needed to define or assess new epidemiological approaches to surveillance
that will be more sensitive in detecting novel influenza strains and their extent in a region to
provide data on possible pandemic candidates as early as possible?

4. What studies are needed to assess diagnostic approaches that may be of value in resource poor
areas where laboratory facilities are not readily available and issues of specimen handling
and transport are potential barriers to surveillance?

5. What studies are needed to address diagnostics in animal populations?

Report to Plenary
Rapporteur-Dr. Alan Hay

As you heard this morning, influenza is a very networked enemy, and combating it also requires
a network approach. The issues are complicated by different circumstances in different parts of
the world, such as how we would apply diagnostics to emergencies such as that in Southeast
Asia.

Research Priorities—Immediate (1-2 years)
e Strengthen and extend the global network with immediate emphasis on national
and regional laboratories in SE Asia,

-Ensuring resources for the availability and distribution of diagnostic tests
-Public health and private sectors should be involved

-Network would provide financial and technical capacities required
-Organization and management structure

-WHO and other organizations would play a significant role

Copyright © National Academy of Sciences. All rights reserved.
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Our first priority is the urgent need to gain much more information about the viruses
circulating in avian and animal populations in Southeast Asia, the extent of infections in human
beings, the relationship in terms of sporadic infections, and the nature of infections that occur in
clusters. Are the latter also sporadic avian-to-human infections, or do they represent a greater
degree of human-to-human transmission?

We obviously need to know much more about the progression of HSN1 disease in
individuals, and how to apply diagnostic tests most efficiently. But the highest priority is to
strengthen and extend the WHO global network, with an immediate emphasis on establishing an
effective network of national and regional laboratories in Southeast Asia. We also need to ensure
that resources are available for distributing diagnostic tests. These clearly need to be inexpensive
and simple to use, and much effort should go into studies to evaluate the tests in underdeveloped
settings. We further need interaction between public health and private-sector interests regarding
the avian situation, and effective dialogue between public health and veterinary people.

The network will clearly need enough financial and technical capacity as well as an
effective organization and management structure. WHO and other organizations would play a
significant role.

Research Priorities—Immediate (1-2 years)

e Rapid, inexpensive, uncomplicated and sample stable diagnostic tests for typing
and sub-typing, and optimization of specimen collection and shipment

e High throughput analyses; micro-arrays

e Establish an epidemiological strategy and tools (e.g. clinical case definitions,
syndromic surveillance)

Our other priority concerned research to develop rapid, inexpensive, uncomplicated, and
sample-stable diagnostic tests for typing and subtyping. We need tests that will actually diagnose
H5NI infections and distinguish them from other influenza infections. We also need research on
optimizing sample collection and distribution. Many point-of-care diagnostic tests have been
developed. We heard this morning about the limitations of those, and we clearly need an
environment that encourages both small and larger private interests to develop those tests so they
would be available now but also in a pandemic situation. We also need to develop high-
throughput analytical procedures for diagnosing viral infections and developing therapies. An
effective microarray technology is particularly important.

We need to establish an epidemiological strategy and create the tools—including clinical
case definitions and syndrome surveillance—to support those studies, to understand the nature of
the infections in Southeast Asia and the risks they pose. In a five-year timeframe, we considered
integrating studies in humans and animals and developing the most suitable sampling strategies
to determine the populations to focus on. We also suggested developing a real-time database of
all available information. We further need to develop strategies to diagnose disease, so we can
understand the nature of an infectious agent as quickly as possible. That entails developing
syndromic surveillance techniques.
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Research Priorities-Intermediate term (5 Years)

e Sampling strategies for animals and humans (who to study in a population, sample
size)

e Development of a real-time database

e Develop strategies to diagnose the disease before you have the diagnostic tests
(syndromic surveillance)

Our 10-year priorities include understanding the biological and epidemiological
dynamics of respiratory pandemics, focusing on flu but also the nature of influenza in relation to
other agents. We would also like to understand multi-pathogen population-based systems so we
can better evaluate the most suitable interventions.

Research Priorities- Long Term (10 years)
e Understand the biological and epidemiological dynamics of respiratory pandemics

e Multi-pathogen population-based system (evaluate interventions)

Copyright © National Academy of Sciences. All rights reserved.
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Working Group 3 Briefing Slides: Challenges and Strategies for Detection and
Characterization of Influenza Viruses: Surveillance and Diagnosis-Dr. Cox, Briefer

Challenges and Strategies for
Detection and Characterization of
Influenza Viruses: Surveillance
and Diagnosis

Mancy J, Cox, Ph.D.
Chi fluenza Branch
Directar, WHO C Barating Center for Infuenza
Centers for Disease Control and Prevention

Laboratory Quality Assurance

Successful diagnosis depends largely on the quality
of the cimen ard the cond|tions for transparl and
storage of the specimen before testing.

Antigenic tests
- detaction of viral protein

ction of viral nuchelc acid

Specimen Transport

+ Specimens for direct det n of viral antigens
by AT Iuor aining of inf
cells should be kept on ice and processed
within 1 - 2 hours,

= Specimens for virus isclation should be

€De

Laboratory Surveillance for Influenza

Many respiratory outbreaks have
characteristic “influenza-like™ symptoms

HS influenza + SARS suspect case definition
similar

Effective laboratory testing for influenza
necessary to rapidly “rule-in" or “rule-out”
influenza

€De

Types of Specimens for Influenza
Testing

Respiratory specimens:
clar lavage
* (racheal aspirates
* sputum
* masopharyngeal or oropharyngeal aspirates or
pharyngeal or oropharyngeal swabs
vab specimens should be collected on swabs

Diagnostic Virology
Options for Diagnostic Testing

Wirus Culture
- Conventional
= Cantrilugation-anhanced
+ Direct Antigen Detection
= Immunafluorescence
Rapid commercial lests
Molecular Techniques
Seralogy
+ Future technology

Copyright © National Academy of Sciences. All rights reserved.
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Virus Isolation

= Highly sensitive (“gold standard"})
= Allowes quantity enough for further antigenic
and genetic characterization
Labs must mainial al call lines for
different reapiratory pathogens
* Influanza
* Mladin-Darby canine kidney (MDCK) cells
+ Primary monkey kidney (MK} colls
+ Embryonated eggs
= Disadvantage - requires several days
= Very impartant for vaccine selection

HA/HAI test
Advantages
General subtyping te detailed antigenic

e & el et on

Immune %
Time comsuming

WHO Kit - HAI Test

Rafarence Shaup Astisara
Antigens  A[HIN1) A[HINI} B/Sich  B/HE
AHANL) 5118

ATHIWDY

Tselake &1
Tselaie =2
Taelats 73
Isebale &4
Tsellaks &5
Isslate &6

PANDEMIC INFLUENZA RESEARCH

Viral Isolation

Madin - Darby Canine
Kidney (MDC

Embryonated chickan
eggs, 10 days old

WHO Influenza Detection Kit

Antigens

Serology Antigens
Antisera
Monoclonals
produced in ascites
Nuid or TC

ROE

MNegative Control

Immunofluorescence

Do not need viable virus; can perform culture on
+ specimens
= 20 minutes to ~ 2 haurs)

ve reading — reader expertize s nesded
Limited to laboratories with IF capability
Variable sensitivity and specificity

Copyright © National Academy of Sciences. All rights reserved.
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Immunofluorescence Staining
of Infected Cell Cultures (IFA)

Monoclonal antibodies
availabbe (WHO Kits)
* Typing (A, BL
subbyping §
Can be us A
of clinical
18 directiy
* Preferable in cell
culture

Andi-LiHP anti-B

€De

Rapid Diagnostic Kits

Disadvantages
* Less sensitive than viral culture or RT-PCR

- False negatives and positives
* Some kits cannot type (A/B)

* Cannot subtype (H3, H1, H57)
= Cost (312 - 5204/test)

Rapid Test Result Indicators

ne

FLU QA  QuickVue ZstatFlu

CpC

Directigen
Fu b +B

Rapid Diagnostic Kits
Advantages

d — results in =1

Useful for clinical settings and outbreak investigations

€De

Role of Genetic Characterization in
Influenza Surveillance

nfluenza surveillance is based primarily an anfigeni:

el o

sharacternzall

WIrLes

Molecular Technigues

« RT-PCR (single or multiplex)
Restriction Fragment Length Polymorphism
[RFLP)

= Nucleic Acid Sedquence Based Amplification
Cligonucleatide hybridization Probes

+ Microarray
Heteroduplex mobility

Copyright © National Academy of Sciences. All rights reserved.
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Role of Genetic Characterization in

Genetic Analysis of Influenza virus :
Influenza Surveillance

Detection of H5N1 Detection and Characterization
Influenza Viruses by RT-PCR of Influenza by RT-PCR

Specific
Low Biocontainment - BSL2
Throughput

Detection vs Characterization

Design Strategy for RT-PCR Primers

Detection

" ¥ All Type A influenza viruses (M gena)
= Similar Tm to allow for simulta y = VirUses g

and possibly multiplex re g i Subtype (HAMA)
= Multiple p

reassessmentredesign

f for future developme

Characterization

Copyright © National Academy of Sciences. All rights reserved.
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Real-Time RT-PCR

Simplified P |
* Laower ri f technician error
* Lawer risk of confamination

Universa
* Comparable results with different
platforms, chemistries, etc.

- g af amiplified
* Low risk of “CAMMY=-0ver contamination

€De

Real-Time RT-PCR for Influenza

Serology

Both acute and convalescent sera are useful but not
necessary for suspect avian influenza cases,
Hl not effective for detecting HS neutralizing Ab in
- zation test is more effective for detection of
antibodies to avian viruses
* Technically difficult, requires live virus, BSL3+
containment, confirmation by Western blot

(Slides available on accompanying CD)

Realtime RT-PCR for
Influenza

Virus detection — type A/B
Subtyping — H1, H3, H5, eic.
Specimen quality control
Estimate virus load

€De

Respiratory Panel for Real-Time
RT-PCR diagnosis

* Influenza A (Flu A
* Influenza

* Human mets

« REY

» Adanovirus

Future of Detection & |dentification of
Influenza

Conventional

Real-time {SYBR® green, dual-
labeled probes, molecular beacons,
efc.)

RT-PCR-ELISA

Luminex/Bioplex bead array

Micro array

Copyright © National Academy of Sciences. All rights reserved.
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WORKING GROUP 4
ANTIVIRALS AND NON-SPECIFIC APPROACHES,
TREATMENTS AND IMMUNOTHERAPIES

Chairperson — Richard Whitley
Briefer — Fred Hayden
Rapporteur — Charles Hackett

Charge: This working group will identify research priorities related to the development,
evaluation, and use of antiviral drugs and immunotherapies. Issues to consider include studying
the impacts of currently available antiviral drugs and strategies to increase their effectiveness or
efficiency; studies of other licensed products that may have benefit in treatment of prevention of
influenza; studies of drugs in the development pipeline; and studies of immune therapies and
biologicals. Research needed to predict, identify, evaluate, and decrease antiviral resistance also
is relevant

Specific Questions:

1. What studies are needed to identify the optimal strategies for use of currently available
antiviral drugs?

2. What studies are needed to evaluate licensed agents that may moderate the occurrence or
severity of influenza?

3.  What new antiviral agents are being developed and what research is needed to evaluate these
agents or to identify new drug treatment or prevention options?

4. What potential immunotherapeutics could be developed and what research is needed for
their evaluation?

5. What studies can help in prediction, identification, assessment, and prevention of antiviral
drug resistance?

6. What studies on the pathophysiology of influenza can offer insights for prevention?

Report to Plenary
Rapporteur: Dr. Charles Hackett

At the top of our list are clinical trials for antivirals and immunotherapeutics. One of the
main priorities is to develop pandemic protocols now. We reflected on experience with SARS,
where public health authorities faced difficult decisions on which of many different possible
courses of action they could take unless they had determined ahead of time which protocols to
put in place.

We need to obtain data on the virologic course and immune responses following
pandemic influenza infection, as well as response to therapy following human H5 infections and
other potential pandemic infections. A major priority is safety and tolerability of available
drugs—oseltamivir pharmacokinetics (PK) —especially in infants less than 1 year old. We also
need to determine the PK and tolerability of parenteral drug use, and to assess the long-term (12—
20 weeks) tolerability of oseltamivir in inhaled zanamivir prophylaxis.

Copyright © National Academy of Sciences. All rights reserved.
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We also need to look at high-priority/high-risk populations, such as pregnant women and
immuno-compromised hosts. We need data on these populations, because we need to resolve
questions about safety and efficacy of treatments before using them in a pandemic.

We also need to study emergence of H5N1 resistance in animal models, and strategies for
preventing it. Animal models seem to be the best vehicle for obtaining good data. We need to
assess the probability of licensure for orally inhaled zanamivir for disease prophylaxis, because
oseltamivir resistance was uncovered and because well-controlled studies show that this
approach may work.

The short-term priority is to accelerate drug development and discovery programs,
including assessment of orphan drugs. We want to support operational infrastructure research.
We decided that the strength of our group is to recommend research that will go hand-in-hand
with policy development. Thus we see the need for clinical trials of drugs administered more
than 48 hours after viral infection, and data on differences in sites of care and drug deployment
and response time.

We need research on physician prescription of antiviral drugs, because many physicians
are not geared up to prescribe such drugs. That would have to change if antiviral drugs were a
major cornerstone of a pandemic treatment. That effort should start now, and would dovetail
with policy development.

We need to test systematic approaches to influencing inflammatory expression and
disease. We drew that lesson from looking at SARS, where inflammation damages lungs and
steroids were used for treatment, even though steroids have unintended and longer-term
consequences. We need to look at other ways of controlling inflammation as a priority.

In the medium term, we pointed to accelerated clinical trials of antivirals. We need to test
oseltamivir monotherapy versus combination with an M2 inhibitor or ribavirin or other novel
therapies in high-risk populations. We also need to test therapeutic efficacy of parenteral
peramivir in hospitalized influenza patients, and to test prophylactic efficacy and tolerability of
topical long-acting neuraminidase inhibitors.

We need to develop a contemporary virus challenge pool or pools for studies of
experimental human influenza. This is an important piece of the puzzle, but obtaining the
appropriate challenge virus that will provide the characteristics of the disease that we need to test
takes time. We also need to use those to test candidate immunomodulators and antivirals in
healthy challenge patients.

We need to develop immune-based therapies such as monoclonal antibodies, polyclonal
antibodies, and polyclonal antibodies for therapy and prophylaxis, including monoclonal
antibodies that target multiple proteins, so the virus will not escape by mutation of the targeted
epitope.

We also need to consider polyclonal antibodies. New developments in polyclonal
antibodies from animals with humanized immune systems might provide a passive therapy for
pandemic influenza.

This slide shows examples of potent and specific inhibitors of neuraminidase of various
viruses, influenzas A and B. They have different potencies according to the viral subtypes. Some
are available and some are investigational. Thus there is a pipeline of long-acting neuraminidase
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inhibitors, including conjugated sialidase, HA inhibitors, polymerase inhibitors including siRNA,
and protease inhibitors. However, the pipeline must be developed.

Inhibitors of Influenza A and B
Virus Neuraminidases

Potent and specific inhibitors
of influenza NAs in nM range

Varied potencies for NAs of
stltamivit different types (A and B) and
carbouylate subtﬂaes

H H
,IrL Zanamivir (Relenza™) and

NHz Hi, hH: oseltamivir (Tamiflu™) are

}_H K commercially available
o
oK 8 Peramivir (BCX-1812, RW] -
Zanamlvir BCX-1 B2 270201) and A-315675 are
investigational.

The longer-term goal is to support ongoing small molecule discovery programs. One with
promise is siRNA as a systemic or topical antiviral; siRNA holds potential as a novel approach
toward new antiviral targets, such as polymerases. We also need to address incentives for
industrial partners, as it is very difficult for a drug company to suddenly pursue another antiviral.

Over the longer-term, innate immune effector molecules need development both as
specific antiviral molecules, and also for general innate immune activation as a strategy for broad
prophylaxis. We need to promote the development of innate-immune system based modulators
of inflammatory cascades as alternatives to steroids.

What should we be doing now? One suggestion was to create a clinical trial infrastructure
for therapeutics, including a uniform protocol for development and data capture. Some trials
could be done in Southeast Asia. To develop a public health policy, we also need research on
transmission and treatment factors. Such an effort would include operational research to define
the optimal infrastructure for developing, stockpiling, and distributing efficacious antiviral
agents as quickly as possible.
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Working Group 4 Presentation Slides: Antivirals and Non-Specific Approaches,
Treatments and Immunotherapies-Dr. Hackett, Rapporteur

John B LaMontagne Memarial S:p'!'lpnﬂium
o Pandemic Infuenza Resaarch
April &3, 2005

Ittt of Wedicinve

aee
ELLL]

Working Group Four: Antivirals and ::: bt
Non-Specific Approaches, e

Treatments and Immunomerapier.
Research Recommendations

L]
Research Priorities: Short-term (1-2 Years) =

Chnical trial development for antivirals and

immunotherpaeutics

= Dewvolop pondomis profooois now

= Olbtain data on virsbogic cowsa, hosl Immune responess,
and rasponsa io tharapy Tollowing human HS infactions
and ether patential pandemic infectians

Safely arnd tolerability of available drugs:

= Omsllamivir P + tolerance in infants =1 yr

= Determine P and tolerability of BB peramivir
(parentaral drugh

= Assess lng-berm {12-20 weeks) lolerability of osellamivie
and inhaled zanamivir propnylaxis

= High risk patient pogulaions: pragnant waman, |E Hosls

Research Priorities: Short-term (1-2 Years)

= Study HENY reskstance emergenss in
animal models and sirategies for prevention

» Assess probability of icensure for orally
inhaled zanamivir for dizease prophylaxis
{becauss of oseltamivir resistance and two
wall controfed published studies)

Research Priorities: Shart Term [Years 1-2}

Bcwiinale g dusslapien] B deiay G EmE,
rrdudg sstastrmant o arpan drige

& Sapport Upershoral Inksstuciune Bessach

= Chocal s ol drsgs admidsiesd = 48 hous
& tle of e

= g chaplogmest and responss Hmes

» Research cn physican wse o astivial sgents

& Trwml ystemab; appeoscher fa influsncing nfammedary

Cnlibee LR TN W G

dhEEEE

Lt L 1

T
BB

Research Priorities: Mid-term (2-5 Years)
. .ﬂmelerm‘ed clinical triaks of antivirals:
Test asalamivi monotheRpy vs combnatan wah ME or
it virin or ofhear movel theropiss in Sigh-rick populafion
= Teet thamapeutic allicacy of pareMarsl peramiar i
hospitalized influenza palienis
= Teet prophytachc elficacy and tolerabilly of topical LANI
» Develop contemporary virus challenge pools for
slucies of eogperanental hursn inlluenga
o Taal anred et memnuneimodoialors and anliviials
« Development of mmune hesed therapies (mab's,
polyclona antibodies, eto. ) for therepy and
prophylznds

Inhibitors of Influenza A and B
Virus Neuraminidases T

Patent and asacilc inhibitara

of infiuanza RAs innh
;}_,‘3!"" range
/\,Ci.mﬂl

Vaned polenses for HAa of

7 “"“ diffarent fypes {8 and B) and
Albdyes
') 0
L uu‘ku». -(lm; o Zerampar (Relenza™) and

cettarmivir {Tamiflu ™) ans
camimercially avalable

M e Peramivir (BCK1812, R
T = - S70200) and A-15675
are investigatians
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Investigational Anti-influenza Agents
Meuraminidase (NA) inhibitors |
- Peramivir {oralllV), A-315675 (oral)
Leng-acting MA inhibitors (LAMI)

+ R-118958 (topical), Flunat™ {topical)
Conjugated sialidase

« Fludasa™ [topical)

HA inhibitors- cyanovirin=M
FPolymerase inhibitors

» siRNA; ribavirin (serosolMIPO)
Protease inhibitors

= Aprotinin

Research Priorities: Longer-term (5-10 Years)

# Support ongoing smal molecule discovery
pragrams
» sIRNA a5 a syslemic of loplcal antivral
»  Mew anlivinal targets and agenta (8.3., polymarase)
= Addrese incertives for ndustial patnars

& Support innate immune effector molecule
development
» Surfaciants
» Mannose-tanding lectins
» Diefansins :

e Supportinnate immune activation molecules
« TLR-3, 4, 7, 8 0 agenlats
= MNOD recepiors

& Promote the development of modulators of
irflammatary cascades

Ll
T
e
.

What Should Be Done NOW? | =

» Clinical trial infrastructure for therapeutics
« Conduct studies in SE Asia now
+ Protocol development, data capture

= Research on transmission and freatment
factors to develop public health policy

= Operational research to define the optimal
infrastructure for distribution of drug, etc.

= Stockpile oseltamivir or other efficacious
agents

» Develop antiviral agents as quickly as
possible

(Slides available on accompanying CD)
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Working Group 4 Briefing Slides: Antivirals and Non-Specific Approaches, Treatments
and Immunotherapies-Dr. Hayden, Briefer

ANTIVIRALS and IMMUNOTHERAPIES in
PANDEMIC INFLUENZA

IOM Eriefing
April 4, 2005

Frederick G. Hayden, M.D.
Divisian af Infec ses and International Health

Urilvarsity hoal of Madicing

Antiviral Agents for Influenza
Class/agent
M2 inhibitors

Amantadine
Rimantadine

MA inhibitors
Zanamivir (SG167) Relenza
Oseltamivir (G54104) Tamifiu
Permavir (RWJ-270201)°

Brand name

Symmetrel
Flumadina

“Investigational in LS4

AMANTADINE RIMANTALDINE

Amantadine Prophylaxis During
Pandemic Influenza

Protective efficacy

Pandemic Influenza A
lliness

Seroconversion

1968 HINZ 59-100% 28-52%
1977 H1NA 3M1-T1% 19-39%

Haydan. J Infoct Dis 176556, 1967

Chemoprophylaxis of Epidemic Influenza

Eﬁil::.'!(:!ﬂ {vs placebo or no drug)

Strategy AMIEM  ZNV OSEL
Seasonal
Non-immunized adults 85-91%  B84% Bd%%
Immunized NH elderly 58-T5% ? 2%
Post-contact | post-exposure
Households 3-100%  82% B7-B9%
MNursing homes Variable Yes Yes

7= No placebo-controlled study or not reported

Oseltamivir PEP in Households:
Reduction in Influenza lliness, 2000-01

{19
Hote: Al Index G
Hayden ot all JI3

asitive and treated wih cseftamivic (1771
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AMANTADINE TREATMENT OF
INFLUENZA A/HONG KONG/&B ILLNESS

amantadine Placebo P-value
n=T2) |
Mean age. yre a4
Mean duration of 46 6
fever, hra
Mean duration of 1027
symptoms, hrs

= B-fold rise HAI T6.3

titers, %

Areantadine dose = 100 mg o120 for T days
Galbraith ot al, Lancet B:113, July 17, 1871

TREATMENT OF VIRUS (HIN1) IN YOUNG ADULTS
[Wam Vioris of al JAMA 245: 1120, 1881)

100 ¢ u Placat
o Armantadine

"l e
”Hl L

Sympiom
T =37.2°C) Irmprovermant

Antiviral Treatment of Influenza

Dutcome AMIRM  ZNV

Symptom relief

Prevention of complications
Decrease antiblotic use
Decrease hospitalizations

Treatment of viral
complications

Reduction in fransmission T (30%) s

= No placebo-controlled study or nol reported

Oseltamivir Treatment:
Effect on Hospitalizations
Y Reduection
Placebo

Healthy adults S5/662 (0.8%)

High-risk + 120401 (3.2%)

elderly

Total 181063 (1.7%)  9M350 (0.T%) 58%

{P=0.019}

Kalsar @ al, Asch inbsdn Mag 183 1887, 3003

Oseltamivir and Complications:
Retrospective Cohort Study, USA

Caltcome Exposed Unexposed Ad]. Hazard Ratio |
Age 1-12
Preurnonia (D7) 453 {2.5%:)
Hosp. (02%) 120 {0.7%)
Age 13-50
Prisurmaenia o BES (2.1 081 (0,68, 0.57)
HoZp. L 510 {1 075 {0.80, 0.53)
Age G0+
Preurnonia 041 (0. 20, 082
Hosp 0z 055 (0,29, 1.09)

0,34 (0.13, 0
0.29 (0.04, 2.07)

Anti-Influenza Agents: Adverse Drug
Reaction Profiles

Agent ADR Freq Dose-

refabed

Severity

Armantadine CHS Midd- severe 1

Gl Mild G
Rimantacima CHS Mild- moda rate <105

1] Mild COomiman

Broncho-  Mild- severe Very un-
Spasm COIMTon

Zanamivir

Osaltamivir Gl Mild Common
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Influenza Antivirals: Pregnancy Risks

Drug Er - Terato- Pregnancy Breastmilk

tomicity® genicity* category excretion
Amantadine Yes Yes*
Rimantadine Yes Yas
Oseltamivir Na No
Zarnamivir
Ribawirin Yes

* Andmal modals
tiCase reports in humans

Drug Resistance in Influenza A Viruses

M2 Inhibitor Oseltamivir
Magnitude of resistance I-llgl'l—l-'lluh
Frimary resistance 1-2.5% Mo
Frequency during therapy High Lo
Rapid development Yes Variable
Ferson-person transmission Yes Not-to-date
FPathogenicity Yes Reduced*
Competition with wild-type  Yes® Reduced"

*Aimal modeds

NEURAMINIDASE INHIBITORS:
Resistance Mechanisms

+ HA mutations
— Mutations near receptor binding site
— | affinity of HA for sialic acid
— | dependence on NA for release
= NA mutations- vary by type/subtype and drug
~ Framework- variable cross-resistance

= Elu118 (—Gly, Ala, Asp, Val), His2T4Tyr,
Aspl3BAsn

- Catalytic site
* Arg2odlys, Arg152lys

Antiviral and Immunotherapy Research
Topics in Pandemic Influenza

» Current agents
—Decreasedlincreased dose and duration

—Other risk populations; Infants, pregnant
women, immunocompromised, hospitalized

Delayed treatment benefit (~48 hr)
» Parenteral route of administration
» Resistance prevention and management
+ Combinations of antivirals
* New antiviral targets

Oseltamivir Resistance In N1 Neuraminidase

» Single nuclectide substitution (His274Tyr)
— |oseltamivir susceptibility [z 400-fald)
* Frequency drug therapy
— Children: 16% (7/43)
— Adults: 4% (2/50)
» Reduced replication in cell culture (= 2.0 log,,)

- | infectivity in mouse (1,000-fold) and ferret
{100-fold)

— Variable | pathogenicity in ferret
*Transmissible in ferret model

fves et al, Ankiwviral Ra
er et al, JID 1901627, 2004

Inhibitors of Influenza A and B Virus
Neuraminidases

= Patent and specific inhibitors of
Inflsenza HAS in ni rangs

= Vared potencies for MAs of
different types (A and B and
sublypes

= Zanamivir (Relenza™} and
ogeltamivir (Tamiflu™) are
commercially avatlable

AF (BCE-1812, RWJS -
and A-J156TH are
gational.
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NA

MA Inhibitor Resistance Profiles

Susceptibility in the NAI assay (fold A}

mutation

SR

REGZH

HRT4Y

R15ZK

Cou bsmve

Daeltamr Zanamivir Peramivir A-315875
R =50 5(1 ]

R {=1000) 51 R (30}

R (ao0) 51 B (4

R{=30-F3H R (10-100) R {=500) R {1500

Wirtlerad #1 Al

Antiviral and Immunotherapy Research
Topics in Pandemic Influenza

+ Current agents
—Decreased/increased dose and duration

—Other risk populations; Infants, pregnant
women, immunocompromised, hospitalized

Delayed treatment benefit (=48 hr)
» Parenteral route of administration
s Resistance prevention and management
« Combinations of antivirals
* New antiviral targets

Oseltamivir Treatment in Adults:
Antiviral Effects

Whadian virsl thee, kg,

= P acwie
amiwir 75 B0

wmivir 1540 BID

Oseltamivir Treatment in Children:
Antiviral Effects

Wiral tter log,, TGIDmL

a0

Mortality pattess diring tha 1818 mlusres pandeinie

& ma immuniy
& mnidubs

Spaciho death rate 00 0

T T T T ¥ T
TR PR TR TR T T I
Age diisions

Faigsa P

Double-blind, randomized, placebo-controlled
Healthy adults with serum HAI titers < 1:8

I zanamivir 600 mg q12 hr or saline starting 4 hr
before intranasal inoculation with 10% TCIDs,
AlTexas/36/91(H1N1)

— Masal wash ZNV median 10-12 ng/ml

Outcomes (saline [n=8] vs ZNV [n=T]):

— Infection- 100% vs 14%, P=0.005

- Wirus shedding- 100% vs 0%, P<0.005

= IRI- 100%: vs 0%, P<0.005

Calfee o1 al. Antimiorob Agents Chesvother 431616, 1883
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Intravenous
Zanamivir in
Experimental
Influenza
A/HINA
" Symptom Score

Peramivir Single-Dose Pharmacokinetics

Mean plasma concentrations in healthy malkes: oral solution

Absence of Interferon in Lungs
from Fatal Cases of Influenza

National Institute for Medical Research, Mill Hill, London

Interferon and Influenza, S Baron and A Isaacs, January 1962

Peramivir Phase 3 Treatment: Quanitity

of Viral Shedding

Treatment Days-log
Group TCID,/ml

Placebo 561

Paramivir -1.28
B00/400

Peramivir 800 -1.92

P Value

P=0.0003

P=0.0001

Potential Immunomodulatory Therapies
+ Replacement of deficient responses
« Stimulation of protective innate immune responses
- TLR-4 agonists*
+ Modulation of immunopathologic host responses
- Pro-inflammatory cytokines/chemokines/NG
« Antl-THNF", carticosteroids
« Statins, Muoroguinolones, macrolides
- Reactive oxygen species
+ N-acelylcysteine, allopurinol®, superoxide dismutasa®
+ Potentiation of viral replication— combined
antiviral and anti-mediator therapies

*Beneficial in murine models af influenza

=l
E
om
o
]
E
g
B
a
a
E
B
i

Oseltamivir reduces cvtokine levels

Tirusge satvadivlet rallon
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Research Priorities: Short-term (1-2 Years)

Obtain data on virologic course and host immune
responses in human HS infections

License orally inhaled zanamivir for prophylaxis
Study oseltamivir PK + tolerance in infants <1 yr
Determine PK and tolerability of VIM peramivir
Assess long-term (8 —12 weeks) tolerability of
oseltamivir and inhaled zanamivir prophylaxis

— Trial in risk populations in SE Asia

Study H5MN1 resistance emergence in animal
models and strategies for prevention

Research Priorities: Mid-term (2-5 Years)

+ Test oseltamivir monotherapy vs combination

with M2 or nbavirn in high-risk population
Develop contemporary virus challenge pools for
studies of experimental human influenza

- Test candidate immunemodulators and antivirals

+ Test therapeutic efficacy of IVIM peramivir in

hospitalized influenza patients

« Test prophylactic efficacy and tolerability of

topical LAMNI

+ Trial combination of antiviral and

immunomodulator therapy

Research Priorities: Longer-term (5-10 Years)

« siRMA as systemic or tophcal antiviral
+ New antiviral agents (eg, polymerase)

Innate immune effector molecules
= Surfactants

- Mannose-binding lectins

- Defensins

Innate immune activation

- TLR-3, 4, 7, B. 9 agonists

— NGD receptors

« Modulation of inflammatory cascades

(Slides available on accompanying CD)
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AFTERNOON DISCUSSION: REACTION TO RAPPORTEURS, DAY 1

DR. FINEBERG: I will introduce one question to get us started, and it relates to the
opportunities for studies of pathogenicity, and the degree to which those studies can be
conducted in a sense, on viruses free of hosts, or whether those studies have to be conducted
always from the beginning, thinking about a particular virus and particular host.

When I was hearing the first group’s discussion about pathogenicity and the studies of
viral genome, it was not clear to me what the strategy would be vis-a-vis variety of hosts. And
since it is evident in nature that different hosts, for the same virus, have different pathogenicity,
how is it possible to study pathogenicity without automatically thinking of it in terms of the
combination of a virus and a host?

So, that is the question. And if the presumption is correct, what does that imply about the
complexity of a research strategy to investigate pathogenicity? So, let me put that on the floor
and ask anyone who would like to comment.

PARTICIPANT: If I can just summarize very quickly, in Group 1 I think this was
discussed. I think other people from Group 1 can chime in; it was discussed quite a bit. And there
was certainly a feeling among a few physicians in the audience that it was hard to understand
pathogenicity for human disease without humans somewhere in the process other than doing the
experiment. We debated what model was the best model. After some debate, it was felt that the
ferret model was everybody's bet as the best model--given no model is perfect

DR. FINEBERG: Could you say just a word about why immunologically or otherwise,
the ferret seems to be a preferred model as a small animal for human study?

PARTICIPANT: I am not a ferret expert. I think what was said in the meeting was that by
and large, virulence factors co-segregated between humans and ferrets, so that viruses that
tended to have a phenotype in humans, also tended to have that in ferrets more than in other
models. I think there was the acknowledgement that some models, for example pigs, hadn't been
tested to the degree to know whether they might be better than ferrets. But by and large, it was
felt that ferrets were more reflective than say mouse. And there was also a strong feeling in the
meeting that mice, which lacked the Mx system, that part of their immune response, and
specifically their innate immune response, was quite distinct from what goes on in humans. And
that might really throw things out of kilter.

PARTICIPANT: I was also in Group 1, another point that I would make is that I think we
all agreed on is that any sequencing data and attempts to correlate sequence with virulence need
to be accompanied by very careful and detailed clinical histories of the individuals from whom
these samples were obtained. So, there was an epidemiologic link to the genomics was very
important to all of us.

PARTICIPANT: I wanted to make a comment to kind of drive us away from the
pathogenicity discussion. In regards to the third and fourth presentations, which I think were the
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fourth and third groups, both of them touched on something that I thought was incredibly
important, and in some ways I wish they had gone further with it.

The third group talked about operational infrastructure research. And the fourth group
talked about animals, the need for surveys of knowledge, attitude and practice among people
who raise poultry, the development of economic incentives, and the development of educational
programs all of which are subject to research. I think that as part of our long-term research
strategy, we should be putting much more effort than we have into the non-biologic aspects of a
pandemic, because there are factors that strongly influence the spread of a virus, and the ability
to control the spread of a virus that really have very little to do with pathogenicity and with hosts
and molecules and all those areas that we, as scientists, drawn to. I also think that if a pandemic
emerges, we will not lose so many people to Tamiflu resistance as we will to the fact that they
did not understand the importance of basic hygiene or they did not have access to personal
protective equipment. I think those are factors that determine how a pandemic flows.

I also think that the type of research that we need to do will have to draw much more
heavily on some people who we do not usually partner with. We need to talk to the people who
know about immune modulators, but also the people who know about health education, and the
people who know about international trade law, the people who know about organizational
dynamics, some of the factors in getting these drugs out to the field, getting the supply chain,
which we heard about earlier today.

Those are issues that we have not spent the time researching. It is a much more basic set
of questions that we have. In contrast, we have gone very, very far with research on some of the
biologic questions.

PARTICIPANT: I would like to return to the previous discussion, if we could, and maybe
ask the group if there is any information that we can glean from historical perspectives of
pandemics. Over the past few months I have been trying to understand the future of the
pandemics, and have gone back and pulled out a lot of the original work or writing that have
been done. But I think there has been a lot of what I would call also folklore around previous
pandemics. And when you really start to peel the onion and look at what's there, it is clear that
1918 was not unique. It looks like 1830-1832 had a very similar picture of deaths primarily
between 20 and 35 year olds, and a very classic W shaped curve again, just like we saw in
1918.Whereas, if you get into the 1880, you get into the other ones, there are at least 10 in the
last 300 years; they really fall into two camps, those that had the classic accelerated or
exaggerated Y shaped curve, and those that had the W shaped curve. Which would suggest to me,
that there are several mechanisms for pandemics to occur?

The underlying necessary cause of a pandemic is a new virus for which there is a lack of
overall population-based immunity. Pathogenicity is by definition, the virus’ ability to cause
disease. Virulence defines the virus’ ability to cause severe disease. The virulence factors may
determine which type of pandemic it is.

In other words, is it one of the W shaped curve, or the accelerated or exaggerated Y
shaped curve? The answer has tremendous implications for how we deal with it, because one is
probably more of a secondary bacterial pneumonia type picture and the other not. I think that this
area needs a lot more research because we have artificially lumped all pandemics under one
category, when in fact they may be of a common origin, but not of common outcome or cause.
Perhaps an historian in this area could comment on it.
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PARTICIPANT : One of the problems with deciding whether there will be another 1918
or not is that there will never be another 1918, because 1918 was a year replete with secondary
bacterial pneumonia in many of these victims. We talk about the high mortality in that year. It
was also true that 98 percent of the population had ordinary three day fever and flu. In addition,
the summer of 1918 was an unusually cold one, in which case there would be more people
indoors and the possibility for more abundant transmission and so forth. Another point about
another 1918 is again, it is not 1918. We have learned a great deal. We know how to make
vaccines. We know what kind of virus is causing this; we have antivirals.

PARTICIPANT: I think these points are really good. The point that I would make to that
is that I think we really have to consider in a sense each pandemic as a unique event. And if you
have a unique circumstance--when a unique virus emerges that can circulate in humans--that is
going to be different from one pandemic to another in terms of what has happened in the past,
what kind of other strains have circulated in the past, and what the immunity in the population by
different ages would be. So, I think that we should not generalize. It is clear going back to the
molecular biology, looking at the genetics of the 1918 virus versus the 1957 or 1968 virus is
clearly where we are seeing differences by which pandemics may emerge, and clearly that is a
useful model.

Another difficulty, however, is that even just looking at 1918, with all the work that has
been done for 80 years on this virus; we are still missing so much of the primary data that we
really need to understand what happened. We have no pre-1918 human samples to study. We
have no sera collected before 1918; we are never going to have those data. And if we are not
going to have data before 1918, it is going to be very, very difficult to go back to what happened
in the very distant past. So, we have the epidemiologic evidence that exists, and we can use that
data to sort of tease out hypotheses. But the problem is that going back in the past is going to be
extremely difficult to develop experimental models.

DR. FINEBERG: It seems that the fundamental problem in one sense is that the time
horizon for an observation--a pandemic--goes back centuries to obtain a handful of type of
observations. And in our lifetimes, where we are accustomed to looking at organisms that turn
over in the hours, rather than units of observation that take decades or centuries to become
apparent, we are not accustomed to thinking as cautiously as you are now advising us about
generalizing from such a paucity of real observation. And I think that is a pretty important
caution. At the same time, the premise of all of our work on thinking of a research strategy has to
be that we believe what we learned from the past can help us in the future. And so, being modest
about it, and being properly qualified I hope at the same time will not deter us from making the
effort that we are all engaged in today. And I know you certainly wouldn't want that to be the
case.

PARTICIPANT: I think a very important point was made, and was made very quickly,
and that is about the usefulness of having challenge strains available, contemporary challenge
strains of virus. Economically, this can be very cost effective to do this, because instead of
having to go to complicated and very costly and dangerous clinical trials, it means that you could
develop at least attenuated strains of contemporary viruses to have those available. I say this with
feeling, because I have recently been through an experience with a clinical trial where an up-to-
date strain was not available. So, we came away with the conclusion that we could not affect
enough of a control population to come up with any kind of answer. So, I think cost effectively,
this would be very important.
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DR. FINEBERG: Let me ask a question of the group who were reporting on the
development of antivirals. The timeframes of that set of studies struck me that one would really
have to look quite concretely and specifically at the state-of-science for each line of activity that
one is thinking about. I wonder if anyone in that group could comment to help us understand
where, if the group did discuss this, the most promising direction of development might rest
today, and where things were still at a much more speculative stage across that list that we saw
arrayed.

PARTICIPANT: As everybody is aware, there is a relative -- and I just say relative
paucity of drugs in the pipeline that are unique and different for the treatment of influenza
infection. There are several that are available, but they have not been studied appropriately in
high risk patient populations. We have tried to emphasize that, and quite honestly, it can be done
immediately. That includes evaluating drugs like oseltamivir in infants less than 1 year of age.

There is a fundamental problem that we have, and that is the pre-clinical animal toxicity
data would imply that oseltamivir is toxic for the newborn brain in a rat model. We have to
understand how we can circumvent that problem. And if we can not, we have to find a back-up
drug such as peramivir. Peramivir has gone through phase 3 studies. It is not orally bioavailable.
It can be given parenterally. It is available for a group to develop as quickly as possible. After
that, then it becomes a question of the long acting neuraminidase inhibitor applied topically, or
alternative strategies. But there are clearly two or three clinical protocols that could be developed
and implemented within a short period of time.

PARTICIPANT: These drugs are available and could be studied in next influenza season.
There are other possible approaches that presumably in the next year or two could be undertaken
with regard to looking at resistance emergence strategies to reduce the combination therapies
with antivirals. Another point of discussion within our group was the need to start studies of the
available drugs to determine their impact, and their dose-related impact on some of the important
outcomes in HS disease in South Asia.

DR. FINEBERG: Yes, I thought that point was really quite telling, as well as some of the
others that emphasized the importance of proactive planning for clinical protocols at the time
outbreak would occur. We learned the lesson from SARS on how valuable it would have been to
have had those protocols in place, accepted and ready to go across a whole spectrum of
geographic locations. I think that is something that could definitely be done in a short timeframe,
and in preparation for the next flu season.

There is relatively little, as one looks at the list that we have arrayed so far, that actually
would have a bearing on something that happens in the next 12 months. And I think the reality of
all of us in thinking about the importance of a research strategy is ultimately to work it back to
what we can do in what timeframe to provide the kind of preparation, preventive and
ameliorative strategies that we all know are going to be needed.

The discussion that we have had is of course premised on the great worry of the grand
pandemics. But a lot of what we are talking about truly is going to be relevant year after year to
endemic influenza that is still underappreciated as a significant source of mortality and morbidity
in countries all around the world. So, I think there will be a true value coming out of this
discussion, even if we are fortunate to not experience for some time, any of the greatest threats
that worry us.
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PLENARY SPEAKERS, DAY 2

MODELING AND PANDEMIC PREPAREDNESS,

Professor Neil Ferguson, Professor of Mathematical Biology,
Faculty of Medicine, Imperial College of London

I am not going to cover the whole gamut of modeling related to pandemic influenza, as
the list of potential modeling questions is long. I will focus principally on whether can we
contain pandemics at their source. In this case, the principal threat is an HSN1-based pandemic
emanating from Southeast Asia. Models can address many other questions with the right sort of
data. A particularly relevant question, given recent experience with SARS, is whether restrictions
on people’s movements—such as on international travel—can delay the international spread of a
pandemic. I will touch on that topic at the end.

In thinking about preparedness, we might ask how fast a pandemic strain might spread
within a country. What will the health care burden be? How can we best use antivirals to reduce
mortality and morbidity, protect key personnel, reduce social disruption given significant
mortality, and reduce disease attack rates while we prepare a vaccine? More difficult to model
than the impact of antivirals is the role of measures to increase “social distance”—such as
closing schools or limiting travel within a country—in slowing the spread of disease or reducing
attack rates. Models clearly need to capture the logistical constraints and resource limits that
always affect such policies. Because we will not know the characteristics of a given influenza
strain until a pandemic occurs, we also need real-time techniques for refining model estimates,
and potentially even public policies, once a pandemic starts.

What do we need to contain a pandemic at its source? That ambitious goal will require
early detection of a pandemic strain along with well-planned and rapidly executed responses.
Containment is probably feasible only if we detect the emerging pandemic at its earliest stages —
for instance, after a cluster of a few cases has emerged in a village in rural Vietnam or Thailand,
for instance..

Containing a potential pandemic at its earliest stages is perhaps made more feasible with
the knowledge that transmissibility of a pandemic strain may evolve incrementally, requiring
many additional changes after the initial reassortment or mutation event. If the pandemic strain
which emerges initially has a value of Ry (the reproduction number) which only slightly exceeds
the critical threshold of 1 —that is, only one secondary case ensues from each primary case—
then spread, while inevitable, will be slow, giving us time to respond.

What are our options? Compared with the past, there are more possibilities. In particular,
prophylactic use of antiviral drugs is a potentially key measure to reduce spread. Vaccination
will also clearly play a key role if vaccine is available, ,Other public health measures include
those that increase social distance. Here I focus on identifying combinations of control measures
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capable of controlling the earliest stages of a pandemic, assessing how sure we can be of the
outcome of a containment strategy, and quantifying the resources which would be necessary to
deliver these measures.

We have undertaken modeling to address such questions as part of a study called Models
of Infectious Disease Agents Study,(MIDAS), funded by the National Institute of General
Medical Sciences in NIH. The project includes three basic research groups, one at Virginia Tech
led by Dr. Steve Eubank, one at Emory led by Dr. Ira Longini, and one at Johns Hopkins led by
Dr. Donald Burke. I am part of the latter study, which includes researchers at Imperial College. I
will talk about the work I have been doing with Don's group in modeling pandemic spread in
Thailand. Ira Longini has been working on the same topic, and we hope that both these studies
will be published in the next few months.

I will talk a bit about the structure of our model and its frailties and assumptions. A key
difference between this model and many infectious disease models in the past is its scale. Our
approach is to simulate entire countries as realistically as possible, so our computationally
intensive simulation models a population of over 85 million. We tried to capture social structure
by modeling individuals and households, because—as with many other infectious diseases—
households are key location for transmission of influenza. Transmission of influenza also occurs
within peer groups at schools and workplaces, and a separate component of the model captures
those. We also know that community-based journeys to shops and other locations in the country
are key to the longer-range spread of the pathogen. The model captures those by modeling a
random contact process between individuals in the population that depends on distance.

We can think of the population as a set of individuals residing within households, in
which adults travel to workplaces and children attend schools. An important aspect of this model
is data we have collected on how far people in a household typically travel to schools or work.
Thus the model tries to capture both the social structure and the real geography of populations—
both of which are key to understanding and predicting the spatial and geographic spread of an
emergent strain.

How do we simulate the population? We use probably the most detailed dataset available
on global population density, called Landscan, which is now being used in Iraq and was used for
the tsunami relief effort. This dataset, prepared by Oak Ridge National Laboratory, gives sub-
kilometer data on population density globally. We clearly do not know precisely how many
people live on every square kilometer of the planet, but the Landscan predicted density figures
have been validated using remote-sensing as well as census data. One output of the simulation
model we have constructed is maps of population density, which use colour to represent reas of
the modeled region in which infection is present or trestment being undertaken..

Capturing age and household structure are also critical for realistically modeling
influenza transmission, and the model incorporates data we have collected for Thailand. We
chose Thailand not because we felt it was the country of highest risk for emergence of a
pandemic, but because it is representative of Southeast Asia, and data on population structure
and movements in that country are available. However, we intend to generalize the model to
examine Vietnam, among other countries.

The model also incorporates school and workplace demographics, including the
distribution of school and worksplace sizes. Dr. Derek Cummings at Johns Hopkins collected
these data, which are also important for realistically describing disease transmission.
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Most critical is capturing the movement of people. To do so, we use data from the Thai
national migration survey, which asked a sample of people the distance they travel to work. The
cumulative probability distribution function for those data is typical of many countries: most
people travel a very short distance to work, but the distribution includes a fat tail—some people
travel tens of kilometers or even 100 kilometers. The distribution of individuals going to school
includes a distance cutoff, as students clearly do not travel quite so far to school as adults do to
work. Although sample size is limited, the curve is similar to that seen in other countries, so we
have some confidence in it. The model also captures the proportion of the population that is
working.

The transmissibility of the pathogen will determine the outcome or feasibility of
containment policies for pandemic influenza. To investigate this, we are aided by work done by
Dr. Mark Lipsitch's group led by Dr. C.E. Mills in 2004, which tried to quantify the
transmissibility of pandemic influenza in 1918 and came up with a range of 2 to 3 for Ry. Our
later work noted that this assumes a serial interval for influenza —the delay between one
generation of infections and the next — of about 3.5 days. This value was also assumed by many
other past publications, but relatively few data exist with which to back up the figure.

Reanalyzing the available data on the incubation period of influenza and the duration of
infectiousness reduces that figure to perhaps 2.5 days, which paradoxically drops estimates of Ry.
Our revised estimates of R, for the pandemic waves in the United Kingdom in 1918 and 1919
peak at 1.8, and are considerably less most of the time. However, those adjustments do not mean
that pandemic influenza will spread more slowly, because the doubling time of these epidemics
remains the same. That is, if we reduce the serial interval and the reproduction number, then the
overall rate of spread can remain constant.

The model tries to capture the natural history of influenza as realistically as possible. We
are using current H3 and H1 influenza as our principal model. We are well aware that the H5-
based pandemic may not show the same natural history parameters, and so are undertaking
sensitivity analyses, but we felt it was best to root the model in what we know about human
influenza. We are use data published by Moser et al. on the distribution of latent periods of the
disease, which average about 1.5 days. The model also incorporates data on the distribution of
infectiousness, and we tried to match the model to previous age-dependent attack rates of
pandemics.

We base our assumptions on the effect of antiviral drugs on parameters estimated by Dr.
Fred Hayden and by Dr. Ira Longini. Our baseline assumptions are that prophylaxis of uninfected
individuals reduces their susceptibility by about 30 percent, and the infectiousness of infected
people by 60 percent for as long as they are on therapy. A treated person also sees a 65 percent
drop in the chance of becoming a clinically diagnosable case.

We assume that only about half of infections result in clinically identifiable disease. That
means that should a pandemic strain of HS emerge through reassortment, its virulence will be
less than what we are now seeing. However, if the current human virulence of the avian H5N1
virus remained unchanged for an emergent pandemic HS5 strain, severe clinical disease would
actually occur in a much higher proportion of cases. Our assumption of the 50 percent clinical
case rate is thus quite pessimistic from the perspective of case ascertainment. Our assumption
that treatment reduces someone’s chance of becoming a case by 65 percent reduces the average
infectiousness of infected individuals still further.
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A simulation model can examine almost any policy. We concentrated on a combination
of three: treatment of cases and prophylaxis of households; prophylaxis of schools and
workplaces; and prophylaxis of everyone within a certain number of kilometers of a diagnosed
case. The model can incorporate delays, detection thresholds, and limits on drug use, as well as
the impact of measures to increase social distance. Currently I am less satisfied with our
estimates of the latter, so I will not present results here.

All these assumptions yield a simulation of uncontrolled pandemic spread in Thailand.
We assume that a pandemic will start with a single case in a randomly selected rural area—a
reassortment or mutation event in an individual which will increase transmissibility and thus give
rise to a growing cluster of cases. At a reproduction number of 1.5, we predict that the epidemic
in Thailand will peak within about 120 days. The spatial spread is very fast. After a few hundred
cases, we are almost certain to see cases emerging in Bangkok. Once the disease reaches
Bangkok, it spreads to the rest of the country very rapidly, because Bangkok is highly connected
to all other locations through travel.

The key results from this modeling exercise show the probability of containment as a
function of the reproduction number of the pathogen. This analysis does not assume any
particular level of transmissibility. Rather, it asks: what is the threshold level of transmissibility
beyond which containment will be impossible, or below which containment is feasible? The
results indicate that an perfectly implemented policy could achieve containment with a
production number of 1.8 or less. As I showed before, that is a feasible range for what we now
think the reproduction number of pandemic influenza might be. By perfect implementation, I
mean a policy which is started 7 days after the first case of a pandemic strain, and where 90
percent of cases are detected and treated on the day they develop symptoms, 90 percent of their
households are treated, 90 percent of their schools and workplaces are treated, and 90 percent of
the general population within 10 kilometers of those cases is treated.

If antiviral containment is effective, it reduces the size of the outbreak to a small number
of cases—a few hundred at most. The treatment course lasts 5 days, and the prophylaxis course
at half the dose lasts 10 days. On average, containment is feasible with an average of under 1
million courses of drug. Even in the worst cases, the pandemic is containable with fewer than 3
million courses. Note that results are averages of a large number of runs of the model. Every run
is different, so we have to run it many times to characterize the average behavior.

Perfect implementation is clearly an unrealistic best case, so I will show you briefly what
happens when we start relaxing some of our perfect assumptions. One key issue is when we
would recognize when a pandemic was potentially starting: that is, when a new cluster of cases
in which efficient human-to-human transmission was occurring would be detected. We
calculated the probability of containment as a function of whether we have detected the cluster
after 0, 10, 20, or 30 cases. What is encouraging is that even if we require a single cluster of 30
cases to realize that the virus has changed, we still see about 95 percent containment under
reproduction number (Ry) of 1.7, and 100 percent containment under R of 1.6.

Some elements are critical to an effective policy. These elements do not include how
quickly we identify the first cluster (given that the number of cases is somewhat limited, and that
we detect the cluster within a month of the first identified case), but rather that once we start a
policy we pursue it effectively. We identify new cases, treat them, and perform prophylaxis
rapidly. The model also shows the impact of varying the time required to treat cases and perform
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prophylaxis of the case’s contacts. A two-day delay yields considerably less containment, and a
four-day delay even less. For four days, we can contain the strain only up to an Ry of about 1.2
(though despite the reduced effectiveness we still only need an average of under 1 million
courses of treatment if the policies succeed).That’s because for such a long delay, a whole
generation of transmission has been missed, so we are constantly one or two generations of
infection behind the pandemic. If we can reduce the delays to two days or less, we are treating
people who have just been infected and prophylaxing on their contacts. Remember, I'm assuming
a relatively short serial interval for this pandemic strain—about 2.5 days. If the pandemic strain
has a much longer incubation and infectious period (as human cases of infection with the avian
HS5NI virus currently have), policy effectiveness would be less dependent on very rapid case
detection and prophylaxis.

We can also relax many of the assumptions at once and still see a policy that is capable of
some degree of containment. One alternative shows a more realistic (but perhaps still optimistic)
policy of a 14-day delay to initiation, 75 percent of cases detected, 80 percent of cases treated, 90
percent of households treated, and 90 percent of schools and workplaces treated. Given a two-
day delay in all such treatment after a case is detected, we could still contain a pandemic with a
reproduction number up to about 1.3 or 1.4.

Remember that I'm modeling purely an antiviral containment strategy. In reality, we
would expect to combine that strategy with other measures, especially those that increase social
distance. We can improve containment further by adding social distance measures to a
prophylaxis-based policy. One example is a quarantine zone. That is, we restrict movement in
and out of those areas where we are treating everyone. If we assume that such a policy could
reduce traffic in and out of the treatment zone by 80 percent, then we could contain pandemics
up to about a Ry of 1.6. Importantly, such a measure makes containment more robust to
uncertainty in key model parameters, including the proportion of transmission that occurs in
schools and workplaces versus randomly in the community.

If that a containment policy succeeds, it does so by containing the disease in a relatively
small geographic area, typically a small rural community in Thailand. We may see the occasional
case further afield, but spread is generally quite tightly contained goegraphically. Thus the
results from this modeling give some optimism in assessing the feasibility of containing a
pandemic.

These results do assume that policies are transnational; i.e. implementation can cross
borders. If a pandemic spark occurred at the center of Thailand, that wouldn't necessarily need to
be the case for containment to succeed. However, if the original cluster arises in a border region,
spread occurs rapidly across the border, meaning a containment policy which is implemented in
one country only is doomed to failure. This reinforces the need for a concerted international
response—probably with teams on the ground chasing cases.

While a pandemic will spread across land borders, air traffic will be probably be the most
important mechanism for international spread in the next pandemic. Compared with 1918, travel
capable of transmitting infection over long distances has grown 100-fold to 1,000-fold, and that
trend is accelerating. As SARS showed last year, the increasing volume of international air
traffic poses clear risks for the rapid spread of novel pathogens. Within a week of the arrival of
the index case of SARS at the Metropole Hotel in Hong Kong, the disease had spread to multiple
countries around the world.
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We have been using a variety of models—both simple and complex—to examine the
effectiveness of international restrictions and travel advisories on different pathogens. The
conclusions, I have to say, are somewhat pessimistic. For influenza well as SARS, our analysis
shows that we would need to reduce traffic by more than 99 percent to have a significant effect
on the international spread of an emerging influenza pandemic. This is because when once 100
or 200 cases appear, there is a very high probability that at least one will be exported, owing to
the international connectivity in these populations. Even if we reduce that connectivity by 90
percent, we would still need only about 1,000 cases in a source region before being reasonably
certain that some export of infection will occur. And an influenza pandemic could entail tens of
thousands of cases in the source country if containment is not successful. So while international
restrictions might play a small role at the very earliest stages of a pandemic, when only a few
dozen cases have appeared, such restrictions become almost irrelevant after a very short period
of time. The source country will have so many cases and the world is so connected that we can
delay the spread of disease by a week or two at most.

We are using expanded versions of the models of pandemic containment to quantify and
predict rates of international spread. We are not quite at the level of global scale simulations,
although we are discussing that. Instead, we are using a variety of simpler models to investigate
global spread — in particular patch models, which divide the world into small areas and then
model traffic between them. People often ask why pandemics emerge in China and Southeast
Asia. The Landscan datset map showing areas of high population density offers some insight into
this.

Besides quantifying the international spread of influenza, the MIDAS initiative and
various projects funded by the European Union are modeling pandemic preparedness options
within the continental United States and Europe. These efforts are starting to address some of the
questions about the optimal use of antiviral resources to limit mortality and morbidity. We hope
preliminary results will be available this summer.

To conclude, our work indicates that a policy of antiviral prophylaxis combined with
social distance measures is potentially capable of containing the early stages of a pandemic, but
with some caveats. The reproduction number of the virus must be relatively low—Iess than about
1.8. However, we think that is realistic—particularly if transmissibility evolves incrementally—
given our new estimates of the reproduction number of past pandemics.

We need to quickly identify the original cluster where efficient human-to-human
transmission occurs. And we need to deliver treatment rapidly to a large proportion of the rural
population. That is arguably the area most in need of development. Frankly, I'm skeptical about
whether such an approach is possible right now. However, that is not necessarily a reason to rule
out containment as a strategy, but rather a spur to improve the public health infrastructure. We
also need enough courses of drug—perhaps as many as 3 million. If we end up using more than
that, it is likely a containment policy will not succeed in any case, according to this model. We
also need excellent case detection and rapid implementation of prophylaxis once the first cluster
is identified. That implies that we can ramp up surveillance once a pandemic situation is declared.
And we need policies to be transnational.

The policy modeled here entails many logistical hurdles. But given the potentially huge
human and economic cost of a pandemic, those hurdles represent challenges to us to make a
containment strategy feasible, not reasons to dismiss the strategy outright.
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CLINICAL TRIALS OF POTENTIAL PANDEMIC VACCINES: KEY ISSUES

Dr. John Treanor, Associate Professor of Medicine and Microbiology and Immunology,
University of Rochester Medical Center

One of the key features of pandemic planning is trying to prepare potentially effective
vaccines. I'm going to briefly review what we have learned about evaluating such vaccines.

The most straightforward approach for controlling pandemic influenza remains the use of
inactivated vaccines, because they have several potential advantages. This is a proven technology
that has been used successfully to control pandemic influenza, and abundant efficacy data are
already available from both pandemic and inter-pandemic years. A large safety database is also
available, as these vaccines have been used in hundreds of millions of people. Thus we have a
good idea of what we might expect in the way of side effects if such a vaccine were deployed on
a very large scale.

Manufacturing capacity is also already in place. It clearly would not be sufficient to make
enough vaccines for everyone in the world, but it is a very large. And, as mentioned yesterday,
licensing such a vaccine—using a process already employed for conventional vaccination—
would be relatively straightforward compared with some other approaches.

The inactivated vaccine approach does have disadvantages. It is unlikely to induce
mucosal immunity, for example, and might therefore not be as effective at preventing
transmission as some other strategies. The protection might also be fairly strain specific. Such a
vaccine would be likely to induce little, if any, cellular immune responses, and would probably
require at least two doses to prime a naive population.

Manufacturing capacity for the current egg-based vaccine strategies is also limited by the
availability of eggs. And the facilities that make egg-based vaccines are fairly specialized. Cell-
culture technologies would be one way around that, and we clearly need to pursue those
vigorously.

Recent clinical evaluations have told us a bit about what future studies of inactivated
vaccines should pursue. I'm going to describe them briefly. The strategies used recently have
included the Duck Singapore. We have looked at recombinant baculovirus-expressed HAs, and a
variety of studies are looking at both whole virus and split virus for H2N2 and HIN2.

Some of'the first data came from Karl Nicholson and his group in England, who looked
at egg-grown Duck Singapore as a potential vaccine for H5 influenza when the first outbreak
was noted in Hong Kong in 1997. Duck Singapore is an antigenically-related H5 virus that does
not have the highly cleavable hemagglutinin, and therefore could be used for vaccine production
without the need for biocontainment.

One aspect noticed early on was that this vaccine is not particularly immunogenic. So
Karl and his group looked at the Duck Singapore formulated as a subunit vaccine in doses of 7.5,
15, or 30 micrograms. They found very little response when looking at a neutralization of the
H3N3 virus in microneutralization assay. Two doses of as much as 30 micrograms did not
produce any significant response in neutralizing the vaccine virus. The finding that the addition
of the adjuvant MF59 did result in significant increases was encouraging, although they are

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11448.html

PLENARY SPEAKERS DAY 2 111

relatively low titer. And for reasons that are still not completely clear, lower doses seemed to be
slightly more immunogenic than higher doses when combined with MF59.

The other interesting finding was that the response was relatively strain specific. Because
of containment issues, neutralization tests against the A-Hong Kong H5 were not done directly.
Investigators looked instead at the radial hemolysis test. The vaccine did have a tendency—when
adjuvanted with MF59—to induce antibody with much greater ability to recognize the Duck
Singapore virus than the Human Hong Kong virus, which would be the target of the vaccine
program. This is just an example of the observation that inactivated vaccines in an unprimed
population are likely to stimulate an immune response that will be fairly specific for the actual
antigen in the vaccine.

With Karl, Ian Stevenson recently noted a very interesting finding: despite the fact that
these responses were relatively minimal and short-lived, significant responses occurred when
these individuals were revaccinated 16 months later. The investigators revaccinated everyone in
the study who agreed to that with the same vaccine formulation they had received in the first
dose. The MF59 group, in particular, saw an increase in neutralizing antibody that was
essentially gone 16 months later. But when these individuals received a single additional dose at
16 months, a very significant response occurred by neutralization against the HSN3 virus. This is
a very encouraging finding from the point of view of strategies to provide a priming dose before
beginning a vaccination campaign.

Those studies taught us about the need to develop standardized and validated surrogate
markers of protection. We also learned that the responses to inactivated pandemic vaccines are
likely to be strain specific. Adjuvants may play an important role in dose-sparing strategies for
an inactivated vaccine. And the use of a pre-pandemic priming dose could generate a more rapid
response in the face of an emerging pandemic. Particularly for MF59, the dose-response
relationships may not be obvious, and may be more related to the relative ratio of MF59 in
antigen than to the total dose of antigen.

At the same time, we did studies looking at recombinant hemagglutinin expressed in a
baculovirus system as a vaccine. These were actually the first human trials of a vaccine for HS in
response to the 1997 outbreak in Hong Kong. These studies were possible because of the relative
ease of expressing the hemagglutinin—even of a highly pathogenic virus using the baculovirus
vector. The great advantage of this kind of approach is the speed with which we can come up
with new antigens.

This very complicated study attempted to look at many things at the same time, including
the dose of vaccine as well as whether administering the two doses 21, 28, or 42 days apart made
any difference. We found that this vaccine was fairly effective in inducing antibody that
recognized the baculovirus-expressed hemagglutinin in an ELISA system, although there was a
clear-cut dose response, with the highest levels of response seen in individuals who received 90
micrograms. We also looked at as a dose-sparing strategy of giving a large priming dose and
then boosting with a smaller dose. That did not work as well as two doses of 90 micrograms in
inducing ELISA antibody. Jackie Katz performed these neutralization tests in a containment
laboratory—an extremely tedious and difficult way to test lots of sera.

However, none of these vaccines were as effective as we had hoped in generating
antibody that could actually neutralize the Hong Kong virus. Two doses of 90 micrograms
generated, on average, neutralizing titers on the order of 1 to 32. Those are good but not great
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titers, and that is encouraging, but that is a very large amount of antigen. Again, a 90-microgram
dose followed by 10 micrograms was somewhat effective, and there was a clear-cut dose
relationship in terms of the total amount of hemagglutinin and antigen used—the factor that
largely determined the responses.

A very complicated algorithm was necessary for trying to decide whether someone had
actually responded, because of the difficulties of doing the assay in the first place. This resulted
in a very complex definition of a response: a 4-fold or greater increase in titer, to a titer of 1 to 80
or greater by neutralization, confirmed with a positive Western blot. Using those criteria, we
found that even two doses of 90 micrograms resulted in a sera response rate of only slightly more
than 50 percent of the subjects. The tests did show that immunization is possible but not
particularly efficient.

We found that the interval—whether we measured antibody by ELISA or
neutralization—did not appear to play an important role in the ultimate response. We saw just as
good a response when two doses were separated by 21 days as when they were separated by 28
or 42 days. I can confirm that this vaccine appears to have 100 percent efficacy, because we have
not noticed a single case of HS5 influenza in any of the vaccine recipients! So that is encouraging
news.

But again, this pointed out the technical struggles of doing the assays, and the fact that we
have no way of knowing whether these vaccines would have been protective. There is a critical
need for any clinical trial to develop well-validated and high-throughput assays, as we anticipate
that we will be running many people through trials of candidate HS vaccines. Getting a better

handle on some of the immune responses and how to measure them is one of the critical needs in
the field.

We found, however, that interval does not appear to be important, with the proviso that
we did not look at the duration of antibody. It is possible that the interval could have had more of
an effect on the duration of the antibody response or the development of immune memory.
Future trials should probably evaluate those aspects. The expressed hemagglutinin looked like a
promising approach, but that is not a validated strategy for influenza control. Pandemic planning
should thus confirm whether this approach is actually effective in preventing conventional
influenza.

One issue that the Duck Singapore studies and our studies have raised is whether there is
something special about the H5 hemagglutinin that makes it intrinsically less immunogenic. |
have no idea what the explanation for that would be, but we have noticed poor responses in
human trials, and others have reported less-than-expected responses in some scenarios in animals.
However, experience so far in humans has been extremely limited, and it is probably premature
to conclude that we will not be successful with other vaccine trials with H5 viruses. Still, there
might be something about the H5 that makes it intrinsically less immunogenic. I leave it to the
immunologists to figure out what that would be, but I think that's an important question to
answer.

Norm Hehme and others at GlaxoSmithKline have looked at vaccines for H2N2 viruses,
because the next pandemic is likely to be an H2 virus, given previous human history. Those
investigators examined two important issues. One is the immunogenicity and safety of a whole
virus vaccine—not because it would be more immunogenic, but because it is more efficient to
produce, and the yield might therefore be greater without the need for additional purification
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steps. Another important issue is whether the addition of alum would help, given that it has been
used for influenza vaccines in the distant past and is a readily available and widely used adjuvant
for other vaccines.

The study design compared a 15-microgram dose of hemagglutinin in a split product or
subunit vaccine formulation against lower doses of hemagglutinin administered with alum. When
the researchers used HAI antibody against the H2 virus as the outcome, they found that
responses to relatively low doses of hemagglutinin with alum approached but did not equal those
seen with the 15-microgram dose. Adjuvant studies need to include truly comparable groups to
determine whether the adjuvant itself is increasing the response.

When this group also did a similar study with H9 vaccines, they found that low-dose
vaccine with alum appeared to induce responses comparable to those seen with unadjuvanted
high-dose vaccine. More recently, Ian Stevenson and his group looked at whole virus and split
unit vaccines for H9, and found that whole virus vaccines, particularly at lower doses, might be
modestly more immunogenic. The interesting finding in that study was the difference in
responses between older and younger individuals, with those over the age of 35 manifesting
much better responses—particularly to the first dose of both whole virus and subunit vaccine.
Those investigators found a very significant difference in the presence of pre-vaccination
antibody against the H9 virus between people born before 1968 and those born after 1968.

Maria Zambon and her group did an extensive series of studies with reassortants to show
that this specifically was antibody related to the H2, not a neuraminidase effect. This very
interesting phenomenon might be relevant to other potential pandemic viruses.

We learned from this study that dose-sparing roles of adjuvants need to be evaluated by
direct comparisons. We also need to consider whether further studies should consider the
potential production advantages of whole virus vaccines. And we need to be aware of the
potential impact of prior exposure on whether people may respond to a single dose.

The current study that Dr. Fauci alluded to yesterday entails an HS inactivated vaccine.
The goal is to use a virus generated using a process that would be considered a strain change,
using a licensed production process. There are two candidate vaccines manufactured using as a
seed virus the genetically engineered A-Vietnam strain produced by Dr. Richard Webby and Dr.
Robert Webster. The first product is from Sanofi-Avantis and second is from Chiron. Both
manufacturers used a production facility to produce subunit vaccines that are very similar in
principle to the vaccines that these manufacturers are licensed to produce for conventional
influenza.

Our study design is very detailed, because we want to be very clear about the safety of
these vaccines before proceeding further. We screen individuals for clinical history and normal
laboratory results prior to immunization. They are then randomized to receive either placebo or
various doses of the inactivated vaccine, ranging from 7.5 micrograms to 90 micrograms.
Although a 90-microgram dose might not be practical for pandemic control, we are hoping that
by pushing the dose up, we can root this in the entire dose curve and ensure that at least some
people manifest a meaningful response to vaccination.

Serum is obtained before and after vaccination, and clinical evaluation occurs 7 days after
vaccine, along with safety labs. That information will be fed to a data safety monitoring board. If
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the vaccine meets pre-specified safety rules, the second dose of vaccine will be administered on
day 28, with the same type of follow-up in this preliminary group.

An additional cohort of subjects will be enrolled if the vaccine proves safe in the first
cohort. The second cohort will be randomized to the same levels of vaccine but will not have
laboratory safety. This will give us a total enrollment of 100 subjects in each group at each dose
level, plus 50 placebo recipients. The latter are being added mostly to blind the laboratory in
assessing the HS antibody. Based on whether the vaccine is well tolerated, and which doses
appear to be effective in generating an immune response, we will do further studies in both
elderly subjects and children using the lowest dose that appears to be immunogenic in adults.

Overall, the goal in evaluating an inactivated vaccine is to find the lowest dose that
results in a potentially protective immune response in the greatest proportion of people with an
acceptable level of safety. Another important goal is to gain experience with the logistical
challenges involved in producing a pandemic vaccine. Many of these challenges have in fact
come up and have been solved. This learning process has been very important.

Going forward, we need to look at the potential advantages of a whole virus versus
subunit vaccines, and to compare egg-grown vaccines with those made using cell culture or other
substrates. Evaluating the dose-sparing capacity of adjuvants is critical, and alum and MF59 are
the first candidates, because those are the two adjuvants licensed for use with influenza vaccine.
We should also look at the schedule and route of administration, including not only inactivated
vaccine but also intranasal, transcutaneous, and intradermal administration, again trying to
reduce the dose.

We have looked a bit at intradermal vaccines for conventional influenza vaccines, using a
clever device made by Becton Dickinson that nurses were able to use very effectively to deliver
vaccine intradermally. That study was sponsored by GlaxoSmithKline.

The results—published by Dr. Robert Belshe in the New England Journal of Medicine—
showed that an intradermal dose of 6 micrograms of hemagglutinin gave antibody responses in
young adults very similar to those seen with an intramuscular dose of 15 micrograms. So
essentially half the dose of vaccine given intradermally produced a response in terms of the
geometric mean titer (GMT) of H1 antibody to both H1, H3, and type B influenza virus that was
very similar to that seen with full-dose vaccine. Actually, the response rate was slightly less in
those receiving the intradermal vaccine, and the titer was a little bit less. In individuals over 60,
who interestingly did not manifest significant local inflammatory responses to the intradermal
vaccine, this difference was more marked, and the intradermal approach did not appear to be as
effective.

In interpreting this information, bear in mind that healthy adults respond well to low
doses of vaccine administered intramuscularly. So it is premature to conclude that the
intradermal approach is necessarily an advantage—that needs to be tested. In healthy adults,
intramuscular doses of 7.5 micrograms and 15 micograms do not produce markedly different
results. So we need to look at these dose-sparing strategies again using comparable groups.

So, what have we learned in the process of doing these studies? We have learned that the
assays for H5 antibody are insensitive, and that we need better assays. It is important to evaluate
these vaccines in multiple groups—not just healthy adults but also children and the elderly. And
we have to think about an acceptable level of safety, given that this vaccine is designed to protect
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against a potentially extremely serious disease but will also be used on a very broad scale. What
is an acceptable level of safety for a pandemic vaccine? Should we think about this in the same
way as a conventional vaccine, or accept a broader safety profile, particularly in terms of local
side effects? Considering local toxicity is important, because although whole virus, alum, and
MF59 offer advantages in the studies done so far, all are associated with a significantly increased
risk of local side effects, which could factor into the vaccine’s safety profile.

I am going to talk only briefly about other potential approaches. They have not been
tested yet in humans, so we have much less experience in designing studies. But we clearly need
to consider live vaccines, for several reasons. One is that they are highly immunogenic in
susceptible populations. Studies in unprimed, naive children show that these vaccines are
extraordinarily immunogenic because individuals are susceptible to infection, and thus those
vaccines could be used in highly diluted form. For example, a live vaccine approach could
significantly increase the number of doses obtained per egg or per fermenter, because of the
potential to use a much lower dose—probably just 10 HID 50. These vaccines are clearly more
effective at inducing mucosal immunity, and that might play an important role in their ability to
reduce transmission.

What do we need to know? We need to know the correlates of immunity, particularly for
live vaccines. We need to look at administering a full range of potential doses with live vaccines.
It would be useful to use the live vaccines to develop a form of human challenge model for
pandemic influenza, similar to the models that have been so useful for conventional influenza.
This type of model would be especially important as we try to get an early signal as to whether
candidate vaccines would in fact protect against protection and shedding. The live approach
might also induce a broader and more cross-protective response against other antigenic variants
within the same subtype—so-called hetereosubtypic immunity. That issue needs to be
investigated in both inactivated and live vaccines.

A problem with live vaccines is that they are not now licensed in all populations, for a
variety of reasons. Facilitating licensure of attenuated vaccines for conventional influenza in a
broader population, particularly children, would be extremely useful. We clearly need to obtain
additional safety data in children, and to define correlates of immunity that could be extended to
the elderly, given that these vaccines are not now licensed in that age group.

There are some concerns regarding transmission and reassortment. We need to clearly
define the conditions of deployment, the expected shedding patterns, and the biological behavior
of potential reassortants, to assess whether this is a real or perceived risk of a live vaccine.

Investigators are evaluating a number of more experimental approaches to combating
influenza. Some, including universal vaccines and vaccines with cross-protective epitopes, have
potential advantages for fighting pandemic viruses. Clinical evaluations should proceed, but we
are further from knowing whether those vaccines will work, so I regard them as a long-term goal
for pandemic preparedness. They will require extensive safety evaluation, as they are now in
phase I: we do not know very much about them. For some, we will need to develop specific
markers of efficacy, which may differ from those we use for hemagglutinin-based vaccines. And
each will require an individualized development strategy.

Devising a cohesive clinical development plan applicable to every vaccine will thus be
difficult. However, it's useful to get early indications of whether these vaccines offer potential
advantages over conventional approaches, so we can focus on those that are most worthwhile.
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We need to take that step as soon as possible, potentially using the human challenge model as an
early indicator of whether these vaccines have promise.
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RESEARCH ISSUES IN ANIMAL SURVEILLANCE

Dr. Robert Webster, Professor and Chair, Department of Infectious Diseases,
St. Jude's Children's Research Hospital

I would like to thank the organizers for the invitation to speak on this auspicious occasion
in honor of John La Montagne. John was my first project officer; he came to Memphis for a site
visit when we were preparing the reference antisera to influenza subtypes that are now in the
NIAID bank. John held the old goat while I bled it. He was a fine human being.

I want to speak about surveillance. Surveillance in each of the regions with an HSN1
problem is critical. At the time of the meeting, we have recorded 70 humans cases and 47
deaths—33 in Vietnam, 12 in Thailand, and 2 in Cambodia. This is an unprecedented event in
the history of influenza, and we must contain this virus.

The difficulty of surveillance lies in obtaining the necessary viruses for analysis. We now
know that the outbreaks of HSN1 occurred before 2004 in some of the affected countries,
although they were not reported at first. The question of rapid reporting of H5 and H7 must be
addressed. One barrier is trade embargoes: if a country reports cases of HSN1, it can hurt its
poultry trade. Another factor is national pride: countries want to characterize their own influenza
viruses as much as possible. We also need to build surveillance infrastructure in countries such
as Lao and Cambodia so that viruses become available for analysis.

The different missions of the Food and Agricultural Organization (FAO), the World
Organization for Animal Health (OIE), and WHO also pose challenges. Even today these
organizations are not talking to each other in a satisfactory fashion—they are not fully sharing
viruses or information. They must sit down together and harmonize their approaches.

HS5N1 first occurred in Hong Kong in 1997. That city developed a strategy for dealing
with the virus, and it has not seen HSN1 influenza in humans or poultry in 2004 or 2005. The
rest of the world largely ignored Hong Kong’s approach, which is part of the problem.

What did Hong Kong do to cope with the virus in 19977 It had limited infrastructure at
the time—one small laboratory. The government quickly flew in the brightest young people from
all over Asia as well as Laminar flow hoods, and established a temporary isolation laboratory.
The staff stayed on the ground to characterize those viruses, and continue to do so today. No
infections occurred in any of these staff members. And the agriculture department, the health
department, the university, and WHO collaborated successfully to control HSN1 influenza.

After SARS and the laboratory infection of humans, the advice given to countries that
lack adequate infrastructure is: do not attempt to isolate viruses. In other words, Hong Kong
should not have been isolating H5N1 viruses in 1997 but instead should have been using
molecular techniques and reverse transcription- polymerase chain reaction, or sending samples to
experts around the world. I think that advice is a mistake. We should have been building
infrastructure in these affected countries from the word go.

What did Hong Kong do to achieve the continued absence of HSN1? The country made
very simple changes in its agricultural and marketing systems. It banned ducks and geese from
live markets, and after Daniel Perez found that quail were capable of replicating every strain of
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flu, they were also banned. The country also introduce two clean days per month when all live
bird markets were empty and cleaned. They also have instituted the use of inactivated HS
vaccine on poultry farms and have included nonvaccinated sentinel birds in each flock to monitor
any virus spread. The result is no HSNI.

Why hasn't this system been copied throughout Asia? The response I usually get is that
it's too expensive. Hong Kong can afford to take that approach, but other countries can't. It is too
expensive to ban the sale of ducks, geese, quail in these live markets across Asia? Of course it's
not. Such stalling indicates a lack of political will, and a reluctance to accept agricultural
vaccines. International agencies have failed to promote very simple measures such as keeping
ducks, geese, and quail out of live markets. Countries could still take these simple yet profound
measures.

Let's turn to agricultural vaccines. We have been talking about vaccines for some time.
The problem is that there is a double standard for vaccines. Human vaccines are standardized for
antigen content, but agricultural vaccines are not. They are required to induce an HI antibody in
poultry, and as a result there are good and bad agricultural vaccines.

Which vaccines are available at the moment, and which have been used in poultry? In
Hong Kong, the commercial vaccine in use is based on A/Chicken/Mexico/1994 (H5N1). The
homology in the hemagglutinin between this virus and the H5 currently circulated is about 94
percent, so the difference is large, but the vaccine is still effective. China is still using an old
virus from 1973, H5N2. Indonesia is using an inactivated highly pathogenic strain, which is a
dangerous practice.

Asia is seeing new developments in poultry vaccines. China has developed a fowl pox-
based HS, and the United States has developed one as well. These are efficacious. China is
developing a reverse genetic HSN1 on an HON2 backbone, and in the U.S. we have developed a
reverse genetic HSN3 on the PR8 backbone.

Good poultry vaccines provide protection despite the antigenic difference. The
mechanism of this protection without close homology is not really understood, and we need to
pursue this. Is chicken immunology different from human immunology?

These poultry vaccines do not provide sterilizing immunity. Maybe that is because of the
lack of antigenic match. However, they can reduce viral load below the level of transmission. In
Hong Kong, agricultural researchers have clearly shown that the vaccines now available reduce
the load so that transmission does not occur.

Bad vaccines provide protection against disease signs. In other words, the chickens and
ducks look fine in the markets, but the birds are shedding high levels or transmissible levels of
virus. They thus promote the spread of virus as well as antigenic drift. The lack of regulation is
disturbing.

The missing information on the spread of HSN1 in Asia, particulary in Vietnam, is the
role of the domestic duck. Let's look at some of the information about ducks in Vietnam. Some
60 million ducks are now raised in Vietnam. Many are free range: these ducks don't go to a home
every night; they move from one paddy field to another as rice is harvested, picking up residue
grain. The peak numbers of free-range ducks in Vietnam occur in May and October,
corresponding to the rice harvest. The plan is to reduce the number of ducks from 60 million to
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40 million by banning commercial hatching. However, hatching will likely continue in backyard
flocks.

We now know that duck raising increases the risk of HSN1 in both Vietnam and Thailand.
Eight percent of households in Vietnam that raised only chickens were infected with serological
evidence of HSN1, while 67 percent of households that raised only ducks were infected.
Households that raised both ducks and chickens had a 70 percent infection rate. Thus households
that raise ducks have infection rates that are eight times higher.

A similar figure has been established in Thailand. However, we should complement the
Thais on their great success in containing the second and the third waves of the virus. In October
2004, 39 percent of duck flocks in Thailand tested positive for HSN1, but by February only 2
infected flocks were found. In March, none were detected.

What did Thailand do differently? As we heard yesterday, Thailand could afford to pay
compensation to farmers, so it pursued an aggressive program to stamp out the virus. Perhaps the
outside world should pay Vietnam to adopt the same strategy.

HS5NI1 has continued to evolve in ducks in Asia, incrementally increasing its most
worrisome biological properties. In November 2002 the virus acquired the ability to kill
waterfowl in Hong Kong. All the waterfowl in Kowloon Park in central Hong Kong, including
flamingoes and other decorative birds, were susceptible and died of neurological infection.

In 2003 the majority of the HSN1 isolates around Asia were the so-called Z genotype,
and they were highly pathogenic in ducks. By 2004, many of the duck isolates were non-
pathogenic. Studies by Diane Hulse in my lab in Memphis established some of the key
information—which was released immediately—showing that in ducks there is long-term
shedding of influenza viruses despite the passage of antibody. Some of the ducks shed virus for
up to 17 days. During this period non-pathogenic viruses became dominant in the ducks, but they
retained high pathogenicity for chickens; we do not know whether they were pathogenic to
humans.

These non-pathogenic HSN1 duck viruses also transmitted naturally to other ducks put
into the cage. These properties are very disturbing. The duck is pushing the virus back toward the
non-pathogenic state, which naturally occurs with influenza in ducks but these viruses retain high
pathogenicity for chickens and presumably humans.

We decided to use Dr. Eric Hoffman’s reverse genetic strategy to generate a vaccine and
determine whether it is efficacious in the duck, because we need a vaccine if we want to avoid
culling all the ducks. That strategy is the standard eight plasmid system, modified hemagglutinin,
that we heard about yesterday. We put on an N3 neuraminidase so we could distinguish between
vaccinated and infected birds; these viruses replicate to very high titers.

The strategy was to vaccinate ducks at 2 weeks, boost them at 5 weeks, and challenge
them with an HSN1 at 8 weeks—all, of course, in biosafety level 3 containment facilities. The
doses of vaccine were surprisingly small: 0.25 to 1.2 micrograms of HA per dose.

We failed to put in a small-enough dose because all the doses of vaccines induced high
levels of antibody after one shot, pre-boost HI titers ranged from 500 up to 5,000, and all the
ducks were protected from challenge. We are now reducing the dose. So the good news is that
the vaccines are efficacious in ducks, and that a very small dose is sufficient to protect them from
H5NI1 challenge.
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What about the lethality of these viruses for ferrets—the models we were talking about
yesterday? The human viruses caused severe disease in the ferrets, with central nervous system
symptoms and death. The viruses from ducks caused only extremely small numbers of severe
cases: one in ferrets, none in chickens. These numbers are too small to mean much, but they
indicate that the ferret is an excellent model for determining pathogenic potential in humans.

Duck populations have been increasing rapidly since the early nineties, corresponding to
the time when these problems began to occur. The Thais did a back-of-the envelope calculation
that Asia is home to some 2 billion domestic ducks—10 to 100 times the number of wild ducks.
Is the wild duck—the true migrating duck—involved in spreading this virus? Our view is that the
true migrating bird was not responsible for the initial spread in Hong Kong. The virus did spread
locally in wild ducks and other wild birds. What is the situation now, after two seasons? Are wild
ducks infected? We desperately need to know, because birds that are breeding in Siberia will
spread to other areas, including continental Europe.

North Korea has just seen an outbreak of highly infectious disease in poultry. We don't
know yet what caused the outbreak—maybe H5N1, maybe not. It was characterized as a non-
pathogenic H7N7 virus. Thailand, Japan, and South Korea have stamped out the virus, but what
will come across the border from Lao or Cambodia to Thailand? We don't know, nor will we
know what will cross the border in China, given the use of vaccine there.

I would like to end with suggestions. The immediate issue is to reduce the likelihood of
human-to-human transmission by reducing the viral load in poultry. And we can do that: the
international agencies must come aboard to reduce the ducks in live markets and standardize
agricultural vaccines.

Stamping out is effective if countries can afford it: Thailand is showing that it can be
done. However, the government realizes that it must consider vaccination of the poultry
population, including ducks, because this virus will not go away. We desperately need a quality
vaccine for poultry right now.

The unresolved issues are many. Why hasn't HSN1 transmitted more freely to mammals
including humans? The molecular basis of its pathogenicity still needs to be resolved. Is the
Asian human genome special for susceptibility to influenza, given that Asia is the epicenter for
these pandemics?

I would like to conclude by acknowledging NIAID, which has supported this program at
St. Jude's Children's Research Hospital, in Hong Kong, and in other Asian countries. I would
also like to acknowledge the group in Memphis, and particularly the group in Hong Kong,
including Malik Peiris and Y1 Guan, as well as collaborators in Indonesia, Thailand, and
Vietnam.
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MORNING PLENARY DISCUSSION, DAY 2 (APRIL 5, 2005)

Moderator: Dr. Harvey Fineberg

Panel Participants:
Dr. Ferguson, Dr. Treanor, Dr. Webster

DR. FINEBERG: I invite Professor Ferguson and Dr. Treanor to join Dr. Webster on
stage for questions and comments.

PARTICIPANT: Professor Ferguson, yesterday Dr. Gerberding told us that CDC planned
to expand the number of quarantine stations from 8 to 30. Could you comment—based on your
modeling insights—on whether you think quarantine stations are an effective component of
containment?

PROF. FERGUSON: If we are not quarantining individual cases, I predict such an
approach will have a fairly limited impact, because by the time cases are diagnosed, viral
shedding is already occurring, although the extent depends on the characteristics of the virus. If
the virus resembled human influenza, then quarantining arguably would have limited effect,
because viral shedding would have declined. If the virus resembled avian HS, quarantining might
have a greater effect. In any case, people who are very sick pose less risk of transmission,
because they are not moving about the community. So I do not think quarantining would be the
principal element of a control program.

PARTICIPANT: I have a couple of comments on the theme that history can lead us to
ask certain questions. First, in the seventeenth century, when crossing the ocean took at least 6
weeks and sometimes 10 to 12 weeks, influenza made it from England to the colonies. Those
were small ships. One would have thought that in a population as small as 50 and no more than
250, the virus would have burned itself out on that voyage. Information on the population of the
ship that carried the disease and the exact duration of the voyage might be useful to your
modeling.

The other point is that in the 1889—-1890 pandemic, the third wave was the most lethal
wave. In researching 1918, I found that public health officials were concerned about that. New
York City was the only major city I know of that did not close its schools, but it did quarantine
cases. Unlike practically everywhere else in the world, New York experienced peaks in the
second and third wave, yet the killing was much more level. Philadelphia had less than one-third
the population of New York City yet experienced a higher peak death toll. On a per capita basis,
the death toll for Philadelphia and New York was almost identical, but the fact that the peaks
were so different, and that the virus moved to the latter city so much more slowly, may be worth
investigating. I can not imagine that the quarantine was effective enough to account for the lower
peak death toll. Perhaps the fact that fear, prompted people to stay off the streets and normal
traffic dropped significantly brought movement below a critical mass.
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PROF. FERGUSON: We are very interested in looking at the latter phenomenon. I did
not use my model to predict the impact of social distance measures because we regard past
pandemics through the filter of intrinsic behavioral adjustments in the population. That is, people
decrease their social distance spontaneously, whether by closing schools or through fear, and that
was particularly true for 1918.

One of my hypotheses for why three waves occurred in some but not all locations in 1918
was that density-dependent adjustment of contact rates occurred. People did not contact each
other during the pandemic, and that reduced transmission rates. The disease went away
temporarily and came back multiple times. Other hypotheses to explain the waves exist, but we
are trying to correlate transmission and mortality patterns with quantitative data on social
distance measures such as school closures.

Our models of international travel do account for journey time and numbers of people,
which is why I talked about effective epidemiological contact rates rather than absolute numbers
of individuals traveling. But I agree: a 6-week journey with 50 people is a bit of a paradox.

PARTICIPANT: Is it possible that the H5 we now observe in poultry reflects better
surveillance in Asia? I am referring to a paper by Ken Shortridge from 1990, which showed that
about 7 percent of the rural population had H5 antibodies. If 500 million people live in rural
China, this would mean that 35 million people had been infected by H5 before the 1997
outbreaks. Is the situation today truly different, or do higher infection rates simply reflect the fact
that we have better ways of detecting the virus?

Dr. Webster: Surveillance in Hong Kong has certainly improved. However, if deaths had
previously occurred, they would have been noticed. This virus has undoubtedly changed. Before
1997, the H5N1 viruses did not have the capacity to infect humans, as they do today. That is a
learned capacity, with incremental changes then allowing the virus to kill the duck population, to
transmit to cats, and so on. This virus is continuing to evolve, and we are probably creating the
conditions that allow that to happen. This epidemic began just as Asian countries began to move
from backyard flocks to huge chicken houses and pig-raising facilities. So no--current infection
rates do not simply reflect better skills.

PARTICIPANT: Could you apply your models to try to block the annual epidemic, using
antivirals, vaccines, and measures to reduce social distance, instead of waiting for a pandemic?
That is, can we test the modeling and predictions in real time, rather than continue to model until
we have a pandemic?

PROF. FERGUSON: I think that would be feasible, and one of my research priorities is
to initiate another community study, perhaps equivalent to the Tecumseh study, where we
attempt to influence transmission in isolated communities. Blocking seasonal influenza
epidemics is probably infeasible, but we don't need to do that. We simply need to demonstrate
the impact of control measures on transmission to be fairly sure we are exerting some influence.

Complete blocking is impractical because of the sheer weight of infectious burden on a
particularly community. We are not going to treat the whole country, so the infection is
constantly challenging the treated population from outside. But we certainly could use well-
designed studies to refine the values of our model’s parameters in advance.

Participant: Some of the studies that Ian Stevenson and the group at CDC have done
lately, with neutralization antibodies to the Duck Singapore vaccine, suggest significant
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heterosubtypic immunity. My question is: what would be the effect of using an HSN1 or an
HS5N3 vaccine in the affected areas to induce heterosubtypic immunity, to protect against more
severe disease and non-sterilizing immunity? Modeling can look at this in terms of the increased
likelihood that an antiviral strategy in a population with partial immunity might affect further
spread.

DR. TREANOR: Whether we can induce antibody to neutralize viruses other than the
vaccine needs to be evaluated. I question whether an inactivated vaccine can do that, but finding
out is critical. We could model a less-than-perfect vaccine and try to figure out how much of an
effect it would have.

PROF. FERGUSON: Ira Longini's group has looked at the combination of limited-
efficacy vaccines and antivirals. These produce a synergistic impact, and the overall
effectiveness of the combined control policy is considerably greater than that of just one measure.

Participant: I agree with Dr. Webster that there are good veterinary vaccines and bad ones.
However, I would like to comment on regulatory authority in the U.S. and the European Union,
which exerts very strong control of manufacturing of vaccines. The production facilities and
quality control of multinational companies such as Meriel Intervet, Lohman Animal Health, and
even Biommune are very good, so the quality of the vaccines they manufacture is very high.
However, one study Dr. Webster did about six years ago showed that quality control in
developing countries without a strong regulatory authority is not very good, so vaccines made
there show huge batch-to-batch variation. Some are very bad.

Dr. Webster also showed that veterinary vaccines, especially those for poultry, use a
lower antigen content to give optimal immunity and proper protection. Vaccine studies show that
the challenge dose has a huge impact on viral reduction and shedding. Thus a poor-quality
vaccine used to immunize birds looks very good, but if we give the birds a challenge dose of the
same vaccine, the results are not very good. Could Dr. Webster comment on how adjuvanted
proteins affected the reassortment of the virus and the challenge virus dose he gave in his duck
study?

DR. FINEBERG: Dr. Webster, could you also clarify the term "bad vaccine"? I
understood you to mean more than poor manufacturing practice.

DR. WEBSTER: The bad vaccines I was referring to were those made in developing
countries without adequate regulation. We see this problem throughout Central America and in
China. We need to pay attention to unregulated companies. My message is particularly directed
at people from Thailand and Vietnam, who are trying to ensure that vaccines are available when
these viruses reappear. Those countries would be very wise to emphasize the quality of vaccines
and ask for testing of the batches.

PARTICIPANT: There is an old adage about models: all are wrong, but some are useful.
I was happy to see that Neil's model fell into the latter category—that models can help articulate
many different assumptions and put them in perspective. One of the key parameters used in your
model was the (RO reproducibility number) of approximately 2, which might well be much
greater than 2 if we calculate the reproductive rate based on mortality rates rather than infection
rates. Can you comment on the fact that the RO of a pandemic strain is about 2, while that of
epidemic strains is much higher? I thought that influenza is one of the most highly
communicative diseases, like measles and varicella.
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PROF. FERGUSON: I, too, always thought of influenza having an RO similar to that of
measles and other such diseases. However, a detailed analysis of inter-pandemic flu—
particularly household transmission rates—shows that the virus is not that transmissible. The
inter-pandemic RO is probably about the same as the pandemic RO.

The question is what is the RO of influenza? The study undertaken by Mills et al., and
other historical studies of transmissibility based on mortality data, show that whether we measure
mortality or infection rates does not matter as long as the ratio of one to the other remains
constant. I do not believe the measures are affected by the fact that we are looking at deaths
rather than infections.

The one caveat regarding inter-pandemic transmission rates is that multiple strains are circulating.
The accumulated reproduction number of all the strains in circulation at a particular point in time
is probably somewhat higher than that of a single strain. However, it's probably no more than 3—
4, which is considerably less than that of either varicella or measles.
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WORKING GROUP §: IMMUNOLOGY, ASSAY STANDARDIZATION,
AND CORRELATES OF PROTECTION

Chairpersons—Ann Arvin and Brian Murphy
Briefer—Brian Murphy
Rapporteur—Ann Arvin

Focus: The focus of this group will be research needed to improve understanding of the immune
response to influenza infection or vaccination; to enhance comparability of results between
laboratories; and to identify correlates of protection that will facilitate testing and licensure of
candidate vaccines.

Specific Questions:

1. What studies are needed to better assess the role of antibody to neuraminidase in protection
against influenza disease or its complications?

2. What studies are needed to assess the importance of cellular immunity following influenza
disease or the potential importance of cellular immunity in response to vectored vaccines?

3. What research is needed to develop, validate, and standardize immunological assays to
facilitate vaccine evaluation and licensure?

4. What research is needed to evaluate the immune response to influenza vaccine delivered by
different routes of administration?

5. What studies are needed to better define or validate proposed immune correlates of protection
for different influenza strains and in different populations?

6. What research is needed to better understand mucosal immunology and influenza?
Rapporteur Report—Dr. Ann Arvin

A key priority is to develop, validate, and standardize serologic tools for pandemic
preparedness. We focused on improving neutralization assays for antibodies against avian
strains; standardizing protocols; engineering an inoculum so it could be used in a Biosafety lab 2
setting; and boosting automation, which might include robotics but also new reagents such as
fluorescentated or luciferase tagged inocula.

Improving HAI methods for detecting H5 antibodies is also important.. Developing
ELISA methods for a variety of HA subtypes is considered important and includes developing
standardized, purified, or recombinant HA and NA proteins, as well as reference serum panels to
facilitate the development and use of ELISA-based assays.

137
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We recommend efforts to develop and standardize assays for antibodies to NA, and to
evaluate and correlate the subtype ELISAs with a gold standard functional assay, e.g.a
neuraminidase inhibition method.

Sero-epidemiology research is important for pandemic preparedness. Such research
should include studies to understand pre-pandemic antibody levels in human populations in key
areas to HA and NA proteins, and investigating potential cross-protection provided by human
anti-HA or anti-NA antibodies against the avian strains.

A longer-term goal is to develop simpler serologic assays for field use. It seems most
prudent and practical to do this work on assay development and standardization in centralized
reference laboratories, but we ultimately need to develop techniques that can be transferred to
field laboratories.

We discussed the need to investigating immune correlates of protection extensively. A
much broader and deeper understanding of the human immune response to flu infection in
general, as well as to vaccines is needed, based on using modern immunologic techniques.
Examples include subtype-specific ELISAs and new assays, focusing on trying to better
understand protection and cross-protection by antibodies to these proteins; and the role of IgG
and IgA in serum and mucosal sites that have specificity for these proteins in protection.

We conclude that it is important to use the many new methods now available to probe
human immune responses against primary and secondary flu infections with non-pandemic
strains. These studies would give us a repertoire of methods to apply immediately to evaluate
host responses in a pandemic setting. Examples of this kind of work include better characterizing
flu-specific memory T cells and B cells, and aspects of trafficking of immune cells that can be
studied now, such as lung trafficking and trafficking to mucosal epithelium. What is the role of
cross-protective immunity by T cells that recognize various flu proteins? We can now study all
of these questions in new ways.

Applying new immunologic assays to understand protective immunity requires their use
in the context of prospective studies, using clinical endpoints and viral shedding to define a true
correlate of protection, as opposed to just to measuring an immune response in the absence of
information about viral replication.

We recommend efforts to improve understanding of the consequences of antigenic drift
in HS strains. New tools should be used to better understand the immunopathogenesis of
complex and fatal flu infections, not just in the pandemic setting, where obtaining samples may
be difficult, but also during annual epidemics. New tools and a better network for sharing patient
samples for testing would enable us to better analyze the mechanisms that lead to these unusual
situations.

Additional research to evaluate flu vaccine immunity is necessary. This work should be
based on some of the same concepts discussed for assessing the response to natural infection and
defining protective immunity. In this case, the goal should be to develop a panel of standardized
immunologic assays that can be used as background information for designing pandemic
vaccines that would engender the best repertoire of immune responses in the shortest time after
vaccination.

In this context, we recommend comparing the capacities of existing inactivated, live
attenuated, and vectored vaccines for inducing humoral and cellular and mucosal immunity,
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during primary and secondary vaccination, and with varying routes of administration of the
vaccines.

These studies should focus on immunogenicity and efficacy in populations at the
extremes of age, especially infants and the elderly, including the very elderly. The interval
required to induce a protective immune response after immunization is key to understanding the
best vaccine for a pandemic setting. Responses that are reliably associated with reduced viral
shedding must be defined and persistence of the immune response is another important factor.

Finally, it is important to generate experience with multiple pandemic vaccines to assess
reactogenicity, immunogenicity, optimal dose, and route of administration. In our final analysis,
gaining a broad understanding of the immune response to both natural infection and vaccines for
as many different HA and NA viruses is a priority, as is looking not just at the standard serologic
responses but also at cellular immune responses.
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Working Group S Presentation Slides: Immunology, Assay Standardization, and
Correlates of Protection-Ann Arvin, Rapporteur
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Working Group 5 Briefing Slides: Immunology, Assay Standardization, and
Correlates of Protection-Dr. Brian Murphy, Briefer

1 Direct correlation between level of virus
replication and clinical response

o fever index vs. peak virus titer (Illness
correlates with peak virus titer)

titers 102 to 103 = asymptomatic or URI
titers of 107 = 104-105°F fever

peak titer achieved early after infection

job of immune system is to keep peak titer <
103

o live att vaccines replicate to < 103

11 Rapid rate of replication in humans

e Single cycle growth curve = 8 hrs.

o Illness with titers >105 shed by 24 hrs after giving
105 pfu of wt virus.

e Immune responses on board at time of exposure
major players in resistance

e Immune factors, either cellular or humoral,
generated from memory that require infection to be
initiated make minor contributions to peak titer
achieved

11l Lessons learned from experiments of nature
e 1977 HIN1 — long duration of HA specific
immunity

e Antigenic drift — virus selected based on ability
to escape antibody

e 1968 —level of serum antibody to NA correlated
with illness/peak virus titer

e 1957 - Severe disease despite multiple
exposures to wild type HIN1 viruses — weak
contribution of immunity to conserved genes

1V Lessons learned from experimental challenge of
humans with wt or att viruses

o Immunological correlates largely defined
e four major contributors to immunity

serum IgG Ab to HA — major player in LRT
mucosal IgA to HA — Major player in URT
serum IgG to NA
mucosal IgA to NA (assumed)

e moderate players in immunity

transudated IgG Ab to HA on mucosal surface of
URT
IgM Ab to HA and NA (from IgA deficient and
mouse data)
e weak players in immunity

cell-mediated immunity

memory B-cell immunity

antibodies to M2

e No one correlate of immunity-Immunity is the sum

of the individual contributions of the four major
player indicated above- high serum IgG without
mucosal IgA = protection; no serum IgG but high
mucosal IgA = protection
Dream of a single correlate of immunity is in large
part a fantasy

(Slides available on accompanying CD)
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WORKING GROUP 6: PANDEMIC VACCINES—ASSESSMENT, DEVELOPMENT
AND PRODUCTION STRATEGIES

Chairperson—John Treanor
Briefer—Harry Greenberg
Rapporteur—Regina Rabinovich

Focus: The focus of this group will be to identify research needed to improve the production,
evaluation, and use of existing in an influenza pandemic; to improve their immunogenicity; and
to decrease the amount of antigen needed per dose through alternative formulations or routes of
administration. This group also will define research needs associated with development and
evaluation of new vaccines, new approaches to vaccine production, and potential new antigens to
target in influenza vaccines such as conserved structural viral proteins.

Specific Questions:

1. What research is needed to better define the potential for common antigen vaccines against
heterologous strains including avian influenza strains and for the optimal approach to their
development?

2. What studies are needed to identify and study adjuvants that may provide an antigen-sparing
effect with influenza vaccines?

3. What studies are needed to assess intradermal administration as an immunogenicity enhancing
or antigen sparing measure?

4. What research is needed to develop and assess new devices or strategies for vaccine
administration intradermally, transcutaneously, or intranasally?

5. What research is needed to develop and assess new vaccine production strategies?

6. What technologies hold promise and what studies are needed to evaluate candidate influenza
vaccines or vaccination strategies?

Rapporteur Report-Dr. Regina Rabinovich

A central theme of the discussion is that a pandemic vaccine needs to use technologies,
tools, and processes that are integrated into inter-pandemic influenza vaccines. Otherwise, there
is no market for such vaccines, and thus no surge capacity. Improving the efficacy, effectiveness,
ease of administration and production, and routine use of all influenza vaccines is the technical
framework for influenza pandemic preparedness.

An immediate and long term need is broad access to critical reagents (some which may
involve management of intellectual property and know-how), such as influenza isolates,
validated assays, serum panels, or platform technologies. Whether collected by government,
academic researchers, or developed by the private sector, delayed access to these for either
business or academic reasons can slow the development of new influenza vaccines. But much of
the funding for collecting and creating these tools comes from the public sector, and we need to
ensure their access by the global community. Respect for intellectual property surrounding
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platform technologies, a keystone of the U.S. pharmaceutical industry, is not incompatible with
this goal, but negotiated agreements to manage this may be necessary.

If we take access to these tools as given, pandemic planning requires a quiet revolution in
influenza vaccines, and making the case for industry involvement in manufacturing these
vaccines is critical. This effort requires a research program that actually yields a usable product
rather than a special vaccine that sits in the freezer awaiting deployment during a pandemic. If it
does not, pandemic flu will be akin to orphan diseases such as malaria, where the market is
limited and the drivers for investing in the technologies that the research community is
developing are somewhat mysterious. A specific concern in pursuing development of novel
vaccines along with manufacturing of annual supply is competition between inter-pandemic and
pandemic vaccine development and manufacturing, in some instances even at the pilot lot level,
because production will require the same facilities and there are relatively few players. Research
and product development for influenza need to be managed and integrated. And global
challenges in scale and implementation—that is, universal access to some sort of vaccine-based
intervention—are the 900-pound gorilla.

In terms of priorities, our first is to improve production. Enhanced understanding of the
molecular factors that influence viral growth in any substrate is needed. In the short term,
improved egg manufacturing yield and capacity may be possible — although there are clearly
enormous regulatory barriers to changing manufacturing processes for licensed vaccines - with
greater use of influenza vaccine in the inter-pandemic period as the market driver.

Our medium-term priority is a cell-culture vaccine, which would be a new vaccine from a
regulatory perspective and thus would require safety and efficacy data. A cell-culture approach
to vaccine production has been plagued by low yields and the technology is still unproven. We
identified a couple of cell substrates that are perhaps furthest ahead. One is MDCK, whose safety
issues could be evaluated based on specific scientific criteria. Regulatory barriers to using new
cell lines for production have apparently been overcome by one European company, with plans
to license and produce an influenza vaccine based on MDCK cells in 2006. Data to support this
claim were not reviewed.

In the long-term column is a totally new way of producing influenza vaccine based on
processes used for other vaccines. A second long-term priority is improving immunogenicity.
This goal could include increasing vaccine potency through the use of adjuvants; and new routes,
mechanisms, and tools for different formulations and routes of delivery. Achieving this goal will
require head-to-head testing of existing vaccines.

Another priority is to generate full dose-response curves for both intradermal and
intramuscular delivery, because it is not clear that these that flu vaccine has been optimized for
immunogenicity. We also need clinical evaluation of alternate routes that may be dose-sparing,
as well as of nearer-term adjuvants and other approaches in the early stages of development.
Developing novel adjuvants and formulations is not a minor endeavor, and thus is a medium-
term priority.

We also need to improve immunogenicity by improving heterosubtypic potency. One
approach that is furthest off and highest risk—but potentially high payoff— is the common
protein vaccine, with clinical data from one candidate pending. We also discussed what we know
and don't know about heterosubtypic protection following cold-adapted influenza vaccine. An
existing trial will probably be informative.
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Questions that could be answered in the short-term include more knowledge of the
immune response to wild-type HS. Precious samples from that virus are not available, and
collecting them needs to become a priority, because we are missing opportunities to evaluate
them.

We also discussed the potential of DNA vaccines, vectors, and expressed flu proteins.
Recombinant-DNA, protein-based vaccines, which can copy a viral protein without changes, or
some new technology could be viable. DNA vaccines deserve special mention because of the
mouse data from Margaret Liu, and because they offer so many advantages in yield and the
ability to deal with pandemic flu if we can make them work in humans.

Finally, we need to improve clinical evaluation by performing challenge models and
head-to-head comparisons, and by improving criteria and methods for assessing safety, efficacy,
and immunogenicity. A priority is to create the infrastructure for the human challenge model
using pandemic HAs and NAs on the challenge virus, including finding locations, critical
reagents, and funding for these studies. We also see validating surrogate markers as a priority,
particularly in the context of a priming dose for a population.
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Working Group 6 Presentation: Pandemic Vaccines-Assessment, Development
and Production Strategies, Dr. Rabinovitch, Rapporteur

General Issues

e A “pandemic vaccine” needs to use technologies, tools and processes that will have
to become integrated into interpandemic influenza vaccinology and vaccines.

e Access to critical IP and know-how —

e Platform technologies: reverse genetics, adjuvants, delivery systems
e Shared tools: isolates, shared/validated assays, reagents, serum panels
e Processes for manufacturing

e Clinical trial tools...

e Asaresult, true pandemic planning requires a quiet revolution in influenza
vaccines.

e Making the case for industry involvement to manufacture is critical if research is
designed to result in a product - closer to malaria if considered solely for pandemic
flu

e There will be competition between interpandemic and pandemic vaccine
development and manufacturing capacities

¢ Global challenges in scale and implementation are a quiet 900 Ib gorilla.

e Research and product development enterprise needs management and integration
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TABLE 1 Research Priorities for Vaccine Assessment, Development, and Production

Research Areas

1. Improved Production of Vaccines—general issues
Increased growth

Cell substrate

Eggs vs. cells

Limits to eggs

PER.C6 or MDCK

Rapidly identify the appropriate flu isolate in accepted cell line

Short term research priorities - <2 year

e Research to enhance understanding of the molecular factors that influence viral
growth in any substrate

e Research to improve egg manufacturing yield or capacity — lack of diversity or
assurance of supply of eggs
--greater use of influenza vaccine in inter-pandemic years would be a market
driver
Eggs vs. cells — a “no brainer” but...
--Cells still have low yield — yet unproven
--European cell based influenza vaccine in 2006 (MDCK)

Medium term research priorities — 3 -10 year

e Research to develop a cell culture vaccine. This would be a “new vaccine” and
would require a body of safety and efficacy (could use surrogate) research to
support licensure in the US
--Cell substrates (such as PER.C6 or MDCK)
--Others have advantages of being approved but are not as good candidates
than these 2 above
--MDCK - safety of cell substrate — can develop scientific criteria rather than a
generalized concern

e Research to facilitate evaluation of characterized cell line in context of new
understanding of factors that influence growth

Long term research priorities- >10 years
e Research to develop a totally new way of producing influenza vaccine (i.e., e
coli)
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2. Improve Immunogenicity — general issues

Increased potency

adjuvant

route (intradermally/intramuscularly)

formulations

head-to-head cold adapted influenza virus (CAIV) vs. trivalent influenza vaccine (TIV)

Short term research priorities - <2 year

e Research that generates full dose response curves - flu vaccine has never
been optimized for immunogenicity at the currently accepted dose; (some
are ongoing; need to be done for both intradermal (ID) and intramuscular
IM).

e Research on the clinical evaluation of alternate routes for dose-sparing -
should be done up front.

e Evaluate alum and MF59 and other late stage adjuvants.

Medium term research priorities — 3 -10 year
e Research to develop novel adjuvants are longer term, particularly for US where
only alum is licensed in flu vaccine.
e Research to develop novel formulations (such as adjuvanted patch)

3. Improve Immunogenicity: Understanding Heterosubtypic Potency.
Increase heterosubtypic potency

Mechanisms for crossreaction

Cold adapted influenza virus (CAIV) vs. trivalent influenza vaccine (TIV)?
Common ag

T cell immunity vs. Ab to HA/NA

Pre-prime pop with heterosubtypic H5/H9/etc?

Short term research priorities - <2 year
e Research to document that heterosubtypic protection does happen post CAIV —
analysis of ongoing trial may suffice.
e Research to determine if there is a fundamental difference between H5 and H3 or
H1. How much of the response is the virus and the immune response?
e Urgent Research: Need to know more about immune response to wild type HS
e Research on role of other proteins in pathogenesis

Long term research priorities- >10 years
e Common protein vaccine
--Existing preclinical data more related to severity/death than prevention of
infection
--lower priority for public sector
--Would benefit from reviewing all potential proteins for systematic analysis
particularly if role in pathogenesis is not understood
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4. Research on Totally New Influenza Vaccines—general issues
DNA vaccines

Vectors

Expressed flu proteins or peptides

Short term research priorities - <2 year
Issues around anti-vector immunity?
rDNA protein based vaccines can copy viral protein — without changes to surface
antigens that may be relevant

Medium term research priorities — 3 -10 year
rHA has been in humans and not
DNA vaccine on gold bead: remains a viable approach as a vaccine, new data
deserves review — will be a new vaccine

Long term research priorities- >10 years
Same as above?
Vector: some advantages

5. Improved Clinical Evaluation—general issues

Create infrastructure for human challenge models
Comparisons head-to-head

Criteria and methods for safety, efficacy, and immunogenicity

Short term research priorities - <2 year

e Create infrastructure for challenge model — using pandemic HAs/NAs on the
challenge virus. Could evaluate new candidates.
--Places—finding locations
--critical reagents
--Readouts
--funding $$

e Research to validate surrogate markers

e Research to determine the immunologic surrogate for a priming dose for a
population

e [Evaluate logistics for vaccination with different approaches above.
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Working Group 6 Briefing Slides: Pandemic Vaccines-Assessment, Development
and Production Strategies-Dr. Harry Greenberg, Briefer
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WORKING GROUP 7: STRATEGIES TO CONTAIN
OUTBREAKS AND PREVENT SPREAD

Chairperson — Harvey Fineberg
Briefer — Neil Ferguson
Rapporteur — Nicole Lurie

Focus: The focus of this group will be research priorities to define better strategies that may
contain an initial outbreak of disease caused by a novel influenza strain or to decrease the spread
of infection if containment fails. Issues to consider include priorities related to mathematical
modeling; to analysis of existing data from interventions that have been implemented to control
the spread of influenza or other infectious diseases; and prospective studies that could be
implemented and evaluated in the context of annual influenza outbreaks.

Specific Questions:

1. What research is needed to develop and assess models for pandemic influenza and how can
these models be used to identify optimal containment and/or intervention strategies or
approaches to decreasing spread of disease? What are the most important questions a model
or strategy must answer in containing an influenza outbreak?

2. What are the most important model assumptions that must be made and what research is
needed to make the assumptions reliable?

3. What research is needed to assess the relative role of model building based analyses of
previous epidemics (SARS, previous influenza outbreaks ) and non-model based analyses
(communication mobilization, training of health workers, stockpiling of antivirals and
vaccines) for strategies to prevent spread?

4. What research is needed to assess the relative effectiveness and interdependence of different
control strategies (isolation and quarantine, travel restrictions, physical barriers, masks, use
of antivirals , vaccines?

5. What studies are needed to better assess whether a population focus if any (children, elderly,
sing, military and other clustered populations) is most important for containing spread?

6. What prospective studies are high priorities to conduct that will help in defining strategies to
decrease the spread of influenza? These may include studies of vaccine strategies (e.g.,
vaccination of children) or use of antiviral agents.

7. What studies can be done to evaluate available data on decreasing the spread of influenza of
other viral respiratory infections where results may be applicable to influenza?

Rapporteur Report—Dr. Nicole Lurie

We talked a lot about the promise and perils of models, as well as their assumptions and
the need to test those assumptions. We agreed that modeling is most useful in helping us
understand gaps in the assumptions and which data we need to fill them. Modeling can also take
options for intervention off the table or put them on the table quickly, enabling us to prioritize
them differently.
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We focused on modeling not only human disease but also the agricultural epidemic, to
understand the tradeoffs between “upstream” and “downstream” strategies. Should we put more
money, time, and energy into trying to identify and eradicate virus in poultry in Southeast Asia
now, and consider the use of antivirals or other strategies, or apply those strategies when until a
pandemic hits or the disease spreads to other areas?

We need to caution policymakers not to overuse the numbers that come out of models, as
precision can outpace accuracy. Mathematical models make their assumptions much more
explicit than some of the mental models.

We also discussed the tradeoffs involved in inputs for the models. Some participants felt
that interventions that are not socially practical or acceptable are not worth modeling, with
quarantine an example. Other participants felt that if we could better understand the implications
of these interventions, those results might drive policymakers and the public to regard those
interventions as more doable. Because planning continually shifts during a pandemic, modeling
will have a role throughout, and the assumptions underlying the model will also have to change
during the pandemic.

We need to be clear that one model can't do it all, and that modeling can serve very
different functions. These include not only disease transmission and control but also the vaccine
supply chain, helping us understand the consequences of just-in-time delivery, for example.

We also need to model the social consequences of different interventions. For example,
what are the implications of closing schools for parents’ ability to work and other social
functions? If policymakers instruct people to stay home, how will they obtain food and
medicine? A model can address only factors we can conceive of in advance. One aspect we
cannot anticipate terribly well is how a pandemic might alter international relations.

This discussion led us to focus on the data we need to better model different outbreak and
containment strategies. We recommend more comprehensive community surveillance in the
inter-pandemic period, and more studies. We also need to beef up international surveillance and
initiate well-placed field trials this season and next to help us both model and understand a future
pandemic.

Modeling linear or additive combinations of public health measures is fairly easy, but we
don't really understand what synergies among those measures may occur. Creating a good
evidence base on these strategies is very important. We also need to better understand human and
population behavior during a pandemic.

We wondered whether we could calibrate influenza models to SARS, and determine
whether they would predict that we could contain SARS with the strategies that we actually used.
Even more important is learning from the social isolation measures used to contain SARS, and
from experience with anthrax, smallpox, and other infectious diseases. How do stigmatized
populations who don't trust government react to such measures? What happens when different
sectors of our government, including civilian and defenses agencies, respond differently?

In the short-term we need better data, and people need to share their knowledge and
information with modelers so they can create better models. Input from colleagues in Vietnam
and other Asian countries could prove especially valuable. Another priority is designing studies
for seasonal influenza, to help us establish research protocols and clarify the kinds of data we
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want to collect before a pandemic hits. Widespread use of antivirals and vaccines will require a
slightly longer timeframe.

Media hype will ensure major consequences from a pandemic even if it is not the worst in
history, and we need to understand the role of media in affecting the outcome. We also urgently
need to connect policymakers and public health experts. We would make a plea for a trusted
communicator along the lines of C. Everett Koop, who gave the public the straight scoop.
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VIRAL TRANSMISSION: UNDERSTANDING AND PREDICTING PANDEMIC RISK

Working Group 8

Chairperson — Richard D. Slemons
Briefer — Daniel Perez
Rapporteur — Peter Palese

Focus: The focus of this working group is to define research needed to better understand the
genetic and environmental factors responsible for animal to human and human to human
influenza transmission.

Potential issues to consider:

1. What further studies are needed to define the genetic loci important for virus transmission
between species?

2. What studies are needed to determine whether changes in the viral RNA polymerase play a
role in virus transmission?

3. What studies are needed to define environmental factors that contribute to virus transmission
and how they interact with genetic factors?

4. What studies can be done to provide measures to predict intraspecies changes in virus
transmission?

5. What studies are needed to identify what measures, if any, can alter intraspecies virus
transmission and what the effects of these measures?

6. What studies are needed to determine whether transmission changes can be used to predict
pandemic risk?

Rapporteur Report--Dr. Peter Palese

The ability of influenza viruses to be transmitted from animal to animal, from animal to
human and from human to human is determined by the genome of the virus as well as by the host.

In the past, animal influenza viruses—or at least genes from animal influenza viruses—
have jumped into humans. One example was the 1957 H2N2 virus, where three genes, likely
from an avian source, jumped into a human HINT1 virus. This virus, possessing a novel
hemagglutinin (H2), neuraminidase (N2) and a new PB1 gene circulated for 11 years in the
human population. In 1968, only the hemagglutinin and the PB1 gene came from an avian virus,
resulting in the new H3N2 virus. In these two cases, essentially a human virus was spiked with
genes from an avian virus and the new viruses were easily transmitted from humans to humans.
We don’t know the precise origin of the 1918 virus but it could also have come from birds (at
least the hemagglutinin gene appears to derive from an animal influenza virus strain).

The hemagglutinin clearly helps to determine the host range and tissue tropicity. We
know a lot about the receptor specificity of influenza viruses: sialic acid which is bound in 2-3
linkage to galactose is preferentially present in avian cells and a 2-6 linkage, in which the sialic
acid is bound to the six position of galactose, is the more common structure for receptors of
human influenza viruses. Hemagglutinins from avian viruses thus preferentially recognize 2-3
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sialic acid receptors and those from human viruses preferentially bind to 2-6 linkages. However,
this specificity is not absolute, since most hosts possess cells which carry both receptors. Thus,
an avian virus may bind cells in the human host which also carry 2-3 receptors. Furthermore, one
(or only a few) amino acid changes may change an avian hemagglutinin into one which
recognizes 2-6 sialic acid (human) receptors.

We understand that influenza virus proteins interact with signal transduction pathways
such as the interferon pathway. A virus may be able to effectively block the interferon response
in one species (and thus grow to high titers) but not do it well in another host species. Thus,
many different factors come together to determine the transmissibility (from one species to the
other) of influenza viruses.

Given this short introduction, we examined our first question: What further studies do we
need to define the genetic loci important for virus transmission between species? Because the
hemagglutinin is probably very important, surveillance of the receptor specificity of viruses is an
important aspect of understanding viral transmission. But we also need to understand the
receptors in the cell. As strange as it may sound to some colleagues, we still don't know exactly
which cell protein or glycolipid is the best (the natural) receptor for influenza viruses. They must
contain sialic acid, but which carbohydrate-containing glycoprotein or glycolipid is the “real”
receptor is still not clear. Some of the specific cells we see in some quail and chicken may
actually contain both 2-3 and 2-6 receptors, so one cell may actually be a mixing vessel (for the
infection of a human and an avian virus).

Other important studies would look at the molecular changes associated with adaptation.
Here we are referring to all of the genes, as they may all contribute to the properties of a virus.
Except for the hemagglutinin and the interferon antagonist NS1, there is probably not a good
reason to single out one gene over another. We will need to employ classic virologic methods in
these studies to identify the gene(s) responsible for transmission, but sequencing will also be
important. The NIH is pursuing an influenza virus genome sequencing project, as is the CDC and
many other groups, and those studies will prove important in defining the genetic mutations
contributing to transmissibility.

We need to use different animal models to try to understand transmission. Mice have
been very helpful so far, but ferrets provide another model, and we should not forget about
simple systems such as organ cultures, which can shed light on which cells become infected. We
can now make influenza viruses that express a green fluorescing protein, so studying animal
infections with these reporter viruses will be very important. We feel that it is critical to
immediately initiate such studies, although some will be more long-term than others. Human
organ culture experiments, for example, are certainly more easily performed than animal studies.

Our third question concerns what studies we need to do in order to define the
environmental factors which contribute to virus transmission and how genetic factors weigh in.
We clearly need more studies on the environmental survival of different strains. Different viruses
may have different stabilities, and some may be transmitted more effectively than others. The
duration of shedding may vary among viruses, and modes of transmission may also vary,
extending beyond aerosol transmission. Dr. Kilbourne reminded us that the Balb/c mouse is an
important animal system for answering some of these questions because it can be standardized
from one lab to another. However, we should not forget that the human is basically the best
animal model we have. Prospective clinical studies are long-term and expensive, and they
require excellent laboratory support. However, human studies will be invaluable in answering
questions such as: Are some patients super shedders of influenza viruses? Which influenza virus
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strains transmit more easily from one patient to another? At the present time, we do not have
enough data to answer such questions.

What studies can provide measures to predict intra-species changes in virus transmission?
We will need multiple transmission models. Ferrets are obviously the most advanced model, but
other models may also be useful in reducing spread. This aspect has not received much attention,
but principles gleaned from intra-species transmission should help us understand inter-species
transmission.

Our fifth question—concerning what studies we need to identify measures that can alter
intra-species virus transmission, and the possible side effects or consequences of these
measures—was probably the most hotly debated. Some colleagues felt that social controls
among both animals and humans would be quite useful in reducing spread, while others felt that
they would be less effective. One important measure in preventing viral spread is educating
small farmers to minimize contact with birds and rely on certain techniques for raising these
animals.

Hopefully, better and cheaper vaccines will become available. One consequence will
clearly be the need to study whether antigenic changes of strains are selected by the widespread
use of vaccination.

Our last question was: what studies are needed to determine whether transmission
changes can be used to predict pandemic risk? We were not comfortable giving a definitive
answer. One colleague suggested that we will find out only during the next pandemic. As a
philosopher in New York (Yogi Berra) said, it's tough to make predictions, especially about the
future.

DR. FINEBERG: I understand that Niels Bohr said something very similar, and it sounds
so much more elegant coming from him than from Yogi Berra. But the sentiment is exactly right:
prediction is always risky. On the other hand, if we do not make the effort, we certainly will not
be prepared. The question is how to make the most cogent, effective, and promising effort.
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Pandemic Risk-Dr. Peter Palese, Rapporteur

Working Group 3
Wiral Transmisslon: Undorstanding and
Fredicting Pandemlc Rlak
Chalrperson - Richard D. Slemons®
Briefer - Manie Perezs*
Rapporteur — Pater Zales=*

Focus: The focus of this weorking
graup is to define regearch needed ko
better understand the genetic and
envirecnmental faclors responsible for
animal k& human and human te homan
influanza trangsmissitn.

Yiral Transmissicn: Understanding
and Pradicting Pandemic Risk

1) What further studies are nesdad to define

the genetic laci inmportant for rirus

transmission between spocies?
+*Surveillance of receptor specificity of viruses
and atudy of receptors in cells {eg 2.3 and 2,5 ii

the zame ooll?)

+ |dentify molecular changesa sganciated with
adaptation = classkeal virokogy, reverse genetic
and influenze gencomis sequencing project

~Drifferent animal models {in addition to mice an
ferretsj as well as crgan cultures wrill hare to by
ysed to study apecific 3trains

Viral Trangmission: Understanding and

Fredicting Pandemic Rigk
3 What =tudics are necded to define
environmental factors that contibute to virue
transmission and how they interact vwith

ganetic Factors?
= Environmental survival of different straing,

duraticn of shedding, different modes of
fransmission.

= A standardized meode| such az the Ballic
monsc might serve: us well.

* Prospective clinical studies with excellent
laboratary suppart {the idea being humans are
the best animal model). Supershedders?

\iral Trangmissicn: |Incerstanding and
Predicling Pandemic izk

41 What studies can be done to provide
Inesaanted o predict intias pecied changes
in yirus transmissiond

~Multiple tranamizzion medela will have to be
usad |ferrets, other models T},

~Prinziples gleaned from intra-species
trmnsmissien may be applicable for inter-sposies
tranzmission

Viral Transmission: Lnderstanding and
Pradicting Pardemic Risk

5) What studias are needed to identifr what

measures, if any, can alter intrespecies

virus transmission and what the offects an:

of these measures?
'Social contrals should be studied to Find out
whether they are eFfective. Education leading tc
presention of viral spread.

‘Waccination is possible in domestic animals
[Ltter v ines),

Will antigenic changes be selected by
wides pread vaccination?

Wiral Transmission: Undarstanding and
Predicting Fandemic Risk

El Vulat srudies are nasdaed 1o detarmninsg
whether transmizzion changes can be usad
to predict pandemic risk?

Copyright © National Academy of Sciences. All rights reserved.

161

Working Group 8 Presentation Slides: Viral Transmission: Understanding and Predicting


http://www.nap.edu/catalog/11448.html

162 PANDEMIC INFLUENZA RESEARCH

Working Group 8 Briefing Slides: Viral Transmission: Understanding and Predicting
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PREPARATION FOR PANDEMIC INFLUENZA: FILLING THE GAPS IN
KNOWLEDGE AND UNDERSTANDING

Moderator—Dr. Harvey Fineberg

DR. FINEBERG: The premise of this meeting is about research gaps and developing new
knowledge needed to prepare better for pandemic flu, with a minimum time horizon of one to
two years. Let me invite others, to share their thought about this meeting or what may have been
missing from the meeting.

PARTICIPANT: There have been some excellent representatives of industry who have
attended this meeting, but noticeably absent are the large pharmaceutical firms, who have a
vested interest in the well being of the public health of our country. This issue is very
fundamental. As a group of academic scientists, we can have grand designs about producing drug
X or drug Y; however, it is actually the industry that is going to have to produce the drugs. The
hurdles that we have talked about in terms of public health delivery or in terms of the academic
challenges are not as insignificant as they would be for producing the drug that is going to be
required by our society. In the future as these meetings continue, the senior management of the
large pharmaceuticals who really do want to participate in this effort should be invited and
should have a seat at the table.

PARTICIPANT: I think there are some more industry representatives which I was glad to
see. | think partnership is the theme of the times. And I think back over three decades of looking
at it from both sides. If we think about partnership 30 years ago, it was there. We were doing it,
but it is much more so now. I think there is a sincere interest and belief that partnership is not
only the way to go, but it is essential, and I think that is happening. I think as we look around, we
see that the academic-government-industry partnership is working. It is high maintenance. It is a
ton of work, and it can be exhausting, and there can be partnerships that simply do not work, but
that is the way we are going.

I think we need to see some innovation in looking at how these things work, especially on
the funding side. Simple grants and contracts are not going to do it anymore, and I think the
question of how to pay for stockpiles is a good example. Clearly, stockpiling in one sense is
something that companies want to do. They want to make stuff for stockpiles. On the other hand,
let me remind everyone that the last thing companies want is inventory. Inventory is evil in all its
forms, as they say in the industry. And the stockpile is the ultimate inventory. So, rather than say
we need to have a ton of capacity, we have got to find ways to do that without -- and novel ways
to fund it. For example, the payment may not be for the drug or the device in the stockpile. It
may be for maintaining the inventory and different ways to do that.

I think the issue of indemnity remains an important one, and we have to wrestle with that.
I do not believe it has been answered, and it comes up all the time. It came up yesterday; we need
to deal with that issue. We are in a time when novel approaches are welcome, and I think the
door is open.
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PARTICIPANT: I think it is a little unrealistic to ask industry to increase capacity to the
surge that would be needed for a pandemic, especially when we have to recognize that we are not
controlling inter-influenza now. I think the burden on us is to increase demand. Right now the
ACIP recommendations include 185 million people. And you know how much vaccine we
regularly distribute here. So, if we were distributing anywhere near the amount that we
recommend, a lot of that supply problem would be taken care of. The same goes for antivirals. I
do not think we are using antivirals nearly as effectively as we could to supply vaccine. And if
we were doing that, recognizing flu in the community has occurred, and treating it appropriately,
we would increase the demand, and therefore increase the supply. So, I think that is something
we need to work on, and help industry work toward the goals that we have for pandemic
preparedness.

DR. FINEBERG: Do you think it is imaginable that there could be an experimental
demonstration, or does it just have to happen gradually across the country? Could there be a state
or a region which said we are going to take this seriously. We are going to get our professional
groups, we are going to get industry, we are going to get the public health authorities, we are
going to have a community education program, we are going to make sure every family knows
how important this is, et cetera, could that be imaginable?

PARTICIPANT: I think it is not only imaginable, I think that is what we are trying to do
now. And I would just like to have more support and other groups to join us.

PARTICIPANT: I have actually seen a number of pharmaceutical people here, more than
I thought might be here. I've seen leaders from GSK, Chiron, and Merck. I am really glad for the
opportunity to be here and be part of this dialogue.

I just wanted to say even though we do not currently have a flu vaccine on the market, we
certainly did have one in the past. Our interest in influenza has never waned, whether it is a
vaccine or the antiviral efforts. And there are different roles for different aspects of the industry.

I do not know that it is the best thing at this time to be a contract manufacturer for egg-
based vaccines. Certainly in an emergency we will do whatever needs to be done. What we
focused on, particularly in the last decade in the 15 years among other things, is trying to come
up with new ways of making better flu vaccines and getting broader immunity is really the goal
of our work. That may or may not be something that is going to be feasible in our lifetimes, but
certainly there is unmet need there, and that is something the world needs. And we are looking
for ways to not only continue our efforts; we are looking for support and communication with
groups like this one to do a better with this.

DR. FINEBERG: Thank you for your comment. I think you also in these remarks,
highlight the transitions in capacities and interests that are represented I would say in universities,
as in industry and in government increasingly as well. And thinking afresh about the relative
contributions that can be made I think is a very important reminder, and a very welcome one.

PARTICIPANT: I would just like to highlight a theme that has been mentioned several
times in the course of these meetings, but perhaps one that needs emphasis. And that is, this is an
international event with which we would be dealing for this. And certainly one of the issues that
needs a top priority, if not in terms of resource commitment, at least in terms of policy evaluation
is if there is indeed a limited supply of antivirals, and that is possessed by the more developed
countries, what is that commitment to the developing world? Because this is where at least most
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people feel the initial outbreak is likely to occur. That is something that should be worked out
very early in the course of this.

The second point is with respect to modeling. I would encourage you to go beyond the
national borders when you consider modeling. Look at the downstream effects of this, not only
in terms of who takes care of the kids that are no longer in school, but going across international
borders, what is the effect on this on our commerce, of our agriculture, of our energy supply?
How does this come back to affect this country or the world in a fairly short-term perspective?

DR. FINEBERG: Thank you for your comment. If I may, I think your remarks focused
on modeling but apply with equal force to our general discussion about research strategy. That is
defining the research strategy also can benefit from looking at it from a global or different
country perspective, as well as from any one national perspective. And I think the force of those
comments apply equally to all of our thinking about research strategy.

PARTICIPANT: Just to follow-up on the issue of funding and how we are going to do
this. I personally think that we have exhausted the situation of trying to get what we need on
inter-pandemic flu preparedness. If you extrapolate the line of increase, it will be about 90 years
from now that we will reach some kind of moderate worldwide capability of producing flu
vaccines and antiviral drugs. I think we have to take a step back, because we are talking about an
issue of international security and economic consequences that are unlike anything that
humankind has seen. And you can say, well, do not say that, because you will scare people. I
think we have to be willing today to say we are not going to say it is HSN1, but a pandemic
influenza situation is going to occur unless somebody is convinced that water now flows uphill.It
is Mother Nature. It has been there. It is going to happen. We have already discussed you do not
need an H5N1 in a world of 6.5 billion people today to create economic chaos for 12-18 months.

As a world, we invest all the time in things that are insurance policies. Today, some of
the best funded fire departments in this United States exist in our major metropolitan airports;
airports that have not had a plane crash in 50 years. Airports that have incredible equipment, and
never can leave the airport compound, because they have to be there. And we pay for that day in
and day out, because we have made a decision if it ever does happen, you have to be able to
respond in the force that is equivalent for a plane crash. We do that with our federal oil reserves.
We have spent billions of dollars stockpiling oil in the salt domes of the Gulf States. I think we
have to change our mind set to say that this is an insurance policy that we are not going to sit
here and try to scare you and say this HSN1, although many of us think that still is a real
possibility, but it is going to happen. And we need a Manhattan-like project that encompasses
many of the issues that have been discussed here today; it is going to be an economic insurance
policy.

To follow-up on the previous comment about the international piece, [ would remind
people that if we totally protected ourselves, if we had 300 million doses or 600 million,
depending on the two dose regimen in the United States, we would still be devastated, because
the economic consequences of a worldwide pandemic minus the United States would still have
incredible implications. We saw it during SARS. The computer industry of this country shut
down, because no one realized that 95 percent of the computer chips in the world were made in
the Kwong Dong province of China. And when they couldn't travel, nothing else traveled. And if
you start looking at the consequences here, we can demonstrate to our policymakers that this is
in fact a very wise use of resources.
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And so, I would urge us to take a step back, get away from this idea that if we could just
keep expanding inter-pandemic flu, not that no one does not want to do that, because that is like
motherhood and apple pie. But I think we are ready for a sea change. We are at a point where if
we do not do it now, we are not going to it.

And then I would just add one last piece. I have absolutely no doubt about it, and all of
you in this room will be part of it, there will be a post 9/11-like commission one day that will ask
the questions why we did not do what we could have done, when we could have, because people
were afraid that we would scare people, or that somehow we would be seen as scare mongers,
that we have not put it together.

And I guarantee you, just as many of the very fine people who pre-9/11 said I wish I had
done more, ended up being identified and well documented in that 9/11 commission report.
There will be post-pandemic flu commission, make no doubt about it and the people in this room
are going to be the people who are on the front line. So, it is time that we either make a decision
that we are going to actually not live for another 20 or 30 years, whenever the pandemic occurs,
trying to do this, and actually for once set out an international policy that says to our world
leaders you can not afford not to do this.

PARTICIPANT: In terms of things that we are missing from the meeting, I did think that
more of a focus on what the economic impacts of a pandemic might be would be something that
would strengthen the overall case.A study of the economic impacts of disease, emerging disease
in particular is being done. There has already been about a $10-12 billion impact on Southeast
Asia as a result of HSN1, which is a significant impact. It compares to what we estimate to be a
$30-50 billion direct impact from SARS, so it is getting there.

I wrote an op-ed piece which did not get published several months ago about H5SN1 in
which I pointed out that if you did have an influenza pandemic, the economic impact would be
utterly unlike anything we have ever seen before. And the analogy that I used that I think would
be powerful is an analogy to the first world oil price shock. You will remember back in the
1970s we had been in a sustained period of relative calm and low prices in oil, and then we had a
shock to the system which created an enormous concern about our vulnerability to oil prices.
Now, it took the shock to make the International Energy Agency happen, but it did happen, and
there was a sort of Manhattan-like project organized internationally around the paucity of
information that existed, and standardized information and data on in this case, energy and
energy statistics.

I would suggest, after having gone through the exercise of trying to find good data on the
economic impact of emerging infectious diseases over the past 30 years, the data is terrible.
There is no standard data out there. There are no standard metrics. And it would not be a bad
idea for the world community to take seriously the idea that there needs to be a collaborative
approach to gathering standard surveillance data sets, as well as other data sets that could be
tremendously important in the event that we did get an emergence.

The final comment is just that in a practical sense, for the last six months I have been
trying to bring together major corporations, including the pharmaceutical industry, but also the
biotechnology industry, and many other sectors of the economy to take seriously the idea of
planning or thinking ahead about the potential impacts of an avian influenza pandemic. And I
can tell you that it is fascinating, because when we began this work really around SARS, at that
time major corporations really did not take the possibility of disease emergence as being a
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serious business issue. It was something that maybe there was a chief medical officer who
worried about disease emergence from the point of view of what should I tell my human
resources people about our travel policy, or something like that, or how does it affect my
insurance? But it was not seen as fundamentally a business disruption issue. SARS changed that
fundamentally. GE, for example, just hired a global security officer to be a bridge between the
chief medical officer and the business planning people, a similar thing is going on for at Kraft
Food, or any one of a number of other Fortune 500 or Fortune 1,000 companies. My suggestion
is that we involve not only the chief medical officers, but also people who are increasingly
tasked inside these major companies with the job of understanding what the business impacts are
going to be.

DR. FINEBERG: Thank you. I think that point about the interest and willingness of
industry to support this work also gets to the question of mobilizing the kind of political
movement that would lead to public decision-making, because it goes hand-in-hand, one with the
other.

PARTICIPANT: I would just like to second the comment about engaging politicians. I
have spoken in this National Academy many times to the choir, if you like. And I am encouraged
that I am speaking now to some of the politicians who can influence what is being done on the
Hill. This is a very important step forward, because over the past five years we have seen the
scientists have pushed this field forward. We have got good antivirals. We have got strategies to
make vaccines. We can make any influenza virus we wish now for good or for bad. And we have
to keep that in mind, for good or for bad. And so, I am encouraged that the science is in place,
but there are many questions that are not in place. They are all man made -- liability, the
willingness to stockpile, how to use these things. I am very encouraged by the meeting today, the
modeling, and the modeling of the use of the antivirals that I pushed for in this room many times,
to see this put in place is most encouraging.

This is a monumental event as far as I am concerned, one of the grandfathers of this
whole business. And so, I compliment you and Mike and the others for making this take place.

I also come back to having just returned from Hong Kong, I was in Hong Kong, at the
time, May, when the SARS was at its peak. I came through Hong Kong, and those that know
Hong Kong, I was the only person from overseas entering Hong Kong. I had the luxury of
sleeping in the Mandarin. There was no food available in the Mandarin. I met with the chief
executive, he said, tell me one thing that I can do. The economy is in a tail spin. Just one thing, I
will do anything to turn this economy around. The economy was in disaster. How many people
died of SARS? A handful, compared with what would happen whether it is HSN1 or HON2 or
H2N2. It is going to happen, we know that, sooner or later.

And so, yes, do put a plan in place, because going back to Hong Kong, there has just been
a commission in Hong Kong looking at why SARS was not correctly handled in Hong Kong.
And the senior people have lost their jobs. So, yes, take this opportunity and finish the job that
you are just beginning.

PARTICIPANT: My introduction into influenza was in 1957, when the first pandemic
came along, and we had no flu surveillance program at CDC. And so, I was charged with setting
that up, and following that epidemic along through the summer, and then along came autumn.
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A lot of work was being done to develop a vaccine, and indeed through the summer
things were relatively quiet. About the 15th of September all hell broke loose, and we had a huge
epidemic that went across the country. The vaccine final began arriving, as I recall at that time,
about the 1st of November. The epidemic ended toward the end of November. And as I look at it
today, we are not much better shape today. If we got the strain today at about the same time we
did in 1957, we would be getting the vaccine pretty close to the same time. We had a wake up
call in 1968, with the next pandemic, and I know there is a lot of enthusiasm about getting on
and doing something, a spasm of interest. Things disappeared, and we came up to 1978. I think
that was my first major influenza meeting. Much was said, many thoughts were there about what
we could and couldn't do, and another spasm of interest. Tissue cell culture was just around the
corner, two to three years. I remember that very well. And that is something I think is repeated at
every meeting I have ever been. Then we had the swine flu affair, which certainly again
stimulated a tremendous of interest, activity, what have you, pledges to do something, et cetera,
et cetera.

Then as we come up to this year, or last year and you look at the amount of money going
into research in influenza even as recently as just two years ago, a year ago, it was pretty slim. It
was not really until the HSN1 began spreading in South Asia that I think we really began to get
increasingly concerned. I know Stewart Simonson and others in HHS were really deeply
concerned about this, and managed to obtain quite an increase in funding for it, although
certainly far from what I think is needed.

Well, again, we have a great deal of interest and concern about pandemic flu. I think we
all pretty much would agree that we are going to have a pandemic at some point. Is it going to be
H5N1? That is hard to say, but if it were, I think it would be really serious. And we have never
had anything quite like this HSN1 experience before, so it is a little hard to read at this point in
time.

I think, if there is anything that I felt was missing at this point in time, I just do not have
the sense from the meeting that there is a sense of compelling concern about moving ahead with
some sort of deliberate and fairly vigorous activity to at least prepare for the next pandemic
ASAP, not somewhere down the road. So, I think for me this has been a great meeting in terms
of outlining a lot of needs that we have in the research field. And I think a lot of people have
very thoughtfully examined a real agenda out for 10 years. What I really have missed is a sense
of urgency that maybe we ought to be doing something really serious, maybe more than we are
doing now, and laying out an agenda which is going to take us down the road for 6 months from
now, for 18 months from now if indeed HSN1 remains quiet. So, I would hope this is not another
spasm, and that we all go back to our laboratories and that is it. But I hope we keep up something
very vigorous at this point. I think we need it.

PARTICIPANT: It is been a privilege to be a part of the discussions that have gone on
over the last two days. And I undoubtedly share the views on urgency; I think urgency needs to
be writ large in all of this. I have one question and I think one comment. The question really
relates to the synthesis of what has happened over the last two days. The science has been highly
informed, most interesting. I have learned. I am sure it is been very valuable to many people. The
question that I have, is this going to be a portfolio that develops from all of this discussion that is
a managed portfolio? Or is it business as usual, with some great ideas that need to be developed,
and science will go its usual way in finding solutions? I hope it is clear which my preference
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would be, and my preference is that this would be a very clearly managed process that delivers
outcomes in the shortest possible time.

My comment builds onto that. Those of us who work in policy development and
implementation are already working pretty hard towards how we will deliver antivirals to treat
people, and how we will deliver vaccines to prevent any further harm to our societies.My plea is
that the research that is taken forward is supportive of those requirements and perhaps the
excitement of the science may be just bridled a little so that questions that will answer the
difficult issues that we will have to face are those that come to the fore.

PARTICIPANT: I think for me, pandemic planning is important, but what would be more
important is to prevent a pandemic from happening. And I have heard a lot of good ideas I think
at this meeting which could help doing that. For example, trying to contain the disease in the
place where it is.

Dr. Webster this morning clearly indicated to us that if you would be able to provide
economic support to the people that are actually holding all these birds that are infected, or ducks
that are infected, that you might be able to control in that place.

The modeling that we have seen also indicates very clearly that you can do things to
contain disease in certain areas by making antivirals available at the place where they need to be
available. Another idea that I heard, and I really hope that that is going to get some very clear
attention is to proactively add antigens to the licensed vaccine. I am thinking we have for five
years been putting H1 New Caledonia in this vaccine. It wouldn't hurt so much for one year to
put for example, H2 in there, of which I would be more concerned, because it has shown us that
it can transfer very well from humans to humans. But then the next year put HS in there. I have
heard that a lot of people have suggested this. But I am very much afraid, because so many ideas
have been posted here, that nothing really happens with, those ideas that deal with prevention of
pandemics. And I am wondering who is doing what to make sure that somebody actually takes
action?

DR. FINEBERG: I will not take that as a purely rhetorical question, because it is central
indeed to a number of the commentators. I would just say on that last point that what we hope to
accomplish out of the discussion is to assemble the principal ideas. And I think one of the
principal ideas which was just articulated is the need for a coherent strategy that is not nearly, if
you will, an eclectic collection of whoever happens to think of a good idea that might be then
supported, but rather a more concerted strategy.

The question for me is what is it that we will do from a research point of view that will
put us in a position in two to five years that is different than the position that we are in today,
quite in addition to the very compelling and important messages we have heard about the need to
prepare today for the possibility of the outbreak and the pandemic even in the coming season,
much less before we have made any of these additional changes.

When I said earlier that it is in a sense up to us to do things, I mean that quite literally,
and not merely figuratively; those of us here, and those that we can influence. And I think that
this will be an important consequence of this activity if indeed we carry it through. If we fail,
then we will be subject rightly to the criticism of those who will look after and look back and see
those who could have done more and failed to do it.
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PARTICIPANT: I have a comment and a request, and that is I found this meeting to be
very enriching. I think a lot of great ideas have come through this. But I would like to echo the
comments about that we know something is coming, and we ought to have a sense of urgency to
start doing something about it. It would be very helpful to the industry to know what our role
would be in case a pandemic happens in a year or two or five years. Therefore, I would like to
see a meeting similar to this that looks really at preparing for a pandemic in practicalities. For
example, if you are going to vaccinate 600 million people in the US, do you have the distribution
infrastructure to do that? It is hard enough to try and get 80 million or 100 doses annually
distributed.I heard through the grapevine that WHO might be organizing such a meeting, and |
would urge them to do that rather urgently.

DR. FINEBERG: I do not know if Klaus is still here. Do you want to comment on the
plans, which I think you alluded to, Klaus, in your own comments?

DR. STOHR: Well, I am not sure if I can give a good answer to your question, I think,
which was very good. I believe that there are different partners who have different
responsibilities. Without any doubt, however, for the delivery of a safe and effective vaccine in
time for a pandemic requires a very strong partnership between the public health institutions and
the industry.

You may know that in November last year we invited the industry to come to the WHO
to discuss at least as view it, the slow progress in vaccine development. We had a very good
response by the industry. November of last year there were two companies which are considering
the development of clinical batches of pandemic vaccine for testing, now there are 12 companies
I think in 8 countries. So, I do believe a very strong partnership is necessary. In the end we have
to look how we can jointly create an environment which is conducive towards insuring that at the
right point of time a safe and effective vaccine is going to be available.

DR. FINEBERG: Thank you very much, Klaus.

PARTICIPANT: I also found this to be a terribly interesting and enriching meeting. And
just thinking about your last comment, Harvey, about the synthesis, and thinking I guess also
about your question about what kinds of things are missing, I am really struck by the fact that
preparedness requires sort of a balanced portfolio if you will, of the kinds of research that we
have been talking about today, planning, and figuring out not only how we are going to make a
plan, but how we are going to operationalize it, which takes a lot of practice. It takes a lot of
exercise. It takes understanding why we have not had traction on this, despite all the multiple
efforts we have heard about before. And so, the other pieces that I just would like to put on the
table in terms of research that need get done are really the kinds of questions about how do you
best operationalize the plan? How do you best practice so that you can keep getting better? How
do we answer the questions about if when we have vaccine, what are the more efficient ways to
deliver it? And a whole variety of other questions that I think cross preparedness for lots of kinds
of infectious diseases, and potentially other kinds of events. But we have not talked very much
about a research agenda there. We talked a little bit in our group about issues related to
population and human behavior, about trust, about stigmatized populations. All of those things I
think are still not on the table to the degree that they should be.

And then finally, something I do not think we talked about much at all is maybe getting
some help from some political science types or others to answer the question about why so many
people have been at this meeting so many times, and there has not been traction. Are there other
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lessons learned about the political system that would help us be able to move forward in the
future? It can not be one or the other, but I think we need to balance the portfolio of the hope of
many of the exciting discoveries and innovations we talked about today with some really
practical, now, on the ground stuff.

DR. FINEBERG: Thank you. It may be that those who commented on what is missing
also were expressing what they think was most important, but I also would like to invite those
who had thoughts about what they took away as a most important lesson from the two days that
they would like to share with the group, that this would be a good time to do it. So, the floor is
now open for any discussion of lessons, take homes that you would like to offer to share with
everyone here.

PARTICIPANT: I would like to respond to the request for doing something now about
something that might happen very soon. I do not know what the next pandemic strain is. I do not
have the crystal ball that everybody else seems to have.

Since 1969, I have been advocating that we make high yield reassortment viruses against
all the existing known HA subtypes. It would not have to be put into storage, but certainly seed
viruses can be made. They could be preliminarily tested and so forth.

Every planning commission that has come up since has endorsed this recommendation. I
do not know what really is going to have to be done to implement it, but I am making one final
plea, that this very simple operation, if anything occurs in the next five years, it is going to be
chick embryo derived inactivated vaccine in all probability. All the elegant work with reverse
genetics, and the DNAs and so forth should proceed apace, and I hope very rapidly. But in
practical terms, that is what is going to be available to us. So, I think that we can at least get a
hold of H14 and H10 and so forth and so on, that thus far have not caused any trouble, and
simply add those to a stockpile of seed vaccines ready to go. It would save us months when the
trigger is pulled, and we know what actually the next pandemic virus is, if there ever is one.

PARTICIPANT: We are starting a program to do this for developing live attenuated virus
vaccines. We have been listening to you, but only part of what you are saying. We are very
interested in developing live attenuated virus vaccines, because we think that they are going to be
especially useful in the time of pandemic for the reasons that Dr. Fauci put up on the screen
during his talk.

The point I want to make is that I think that one of the problems that we have now, is that
for the existing technology for making subunit vaccines--for inactivated or non-living vaccines--
the results were terribly disappointing in terms of their immunogenicity. What we are doing now
is we are disrupting a virus and finding out that for the HS antigen, it is not terribly immunogenic
unless we now put back in an adjuvant, which we do not have a lot of experience with, and then
hopefully get it up to levels that are barely associated with resistance. I think one of the reasons
that there has not been an awful lot of enthusiasm is that we really have not developed a coherent
strategy for exactly what is the goal in this situation. And I think one of the real important things
that we need to come out of this particular meeting is making a simple decision. Do we want a
whole virus vaccine that we do not have to disrupt and then use an adjuvant, rather than a subunit
vaccine? Because right now, most of the manufacturers I think are making the opposite, making
the subunit type vaccine. And that is a simple decision. That would not be a bad decision to come
up early on, because the other decision has complications. So, I just think we need to really
decide on a strategy. And then I think Ed is absolutely right. We need to not just get the vaccines
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made, but make experimental lots of sets of experimental vaccines to find out whether H4s
through H15s are indeed immunogenic in humans. How immunogenic are there? We need to
find out what kind of generalities can you make by using these particular immunogens. That
information does not exist right now. It is absolutely essential in order to say if a new virus
comes, are we going to be able to successfully use a strategy which we think is going to work.
Right now we are finding it is not very successful for the HS.

So, I think there is a lot of very, very important stuff that needs to come out of this. And I
would agree that we need to make vaccines, decide on strategies, get lots of experience with
multiple HAs, both live, inactivated formats. There are even some vector strategies that need to
be considered, and make progress along these lines.

PARTICIPANT: Well, I think my favorite moment is where we start thinking about what
is in pandemic preparedness for countries with limited resources. For example, why should a
resource poor country be engaged in pandemic planning when it is unlikely they will ever get a
slash of the vaccines or the antivirals?

And I thought with Neil Ferguson's presentation for example, that the incredible
importance in getting there early, partnering, and actually having something in terms of
incentives to offer to those countries that are actually engaging and contributing, that is really,
really important and key from this whole meeting.

PARTICIPANT: I would like to pick up on some earlier comments about the reasons
why we find ourselves here every few years. And I think we have a problem of a law of the
commons. All of us here have private interests as well as public interests, and we share the same
public interest about doing something for the global public good for public health measures for
influenza. However, there are also commercial, academic and public agencies who are seeking
also their own incentives, whether it is for funding or credit for the future, or other types of
incentives. And it brings up an issue about in this country we have no national institute of public
health in effect, that funds global collective goods. And getting the type of collaboration,
whether it be for the magnitude that we are seeing ourselves dealing with, this is a magnitude of
proportions that mankind sees perhaps a few times a century, but yet we all need to act together
collaboratively. Dr. Gerberding pointed that out very succinctly in her slide.

But again, the incentives of our individual provide settings do not necessarily allow that
collaboration to take place. So, that is why I think we find ourselves here every 10 years, seeing
the same problem. And we come back again when HS resurfaces and have a few meetings. We
had a meeting here in June, a similar meeting, but yet hopefully this perhaps will be different. I
do not know how it could be different.

We talked about data sharing. There are a number of new mechanisms that were created.
The NIH has NLM, which has GenBank which puts out data in the public domain. We have a
sequencing unit now that will sequence all data. I do not know if that will be successful, if people
will share their strains. That's data that can be modeled, that can help to prevent and predict
potential strain drift and shift.

There are other types of IPR technologies which companies have, and I am not sure
whether or not there are commercial incentives which will allow them to share it or not. Again,
these are issues that are very valid, because everyone has their own private and public incentives.
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That is the way society is set up. But once again, are we dealing with an issue of significant
magnitude that will invite a collaborative spirit that we have not seen before?

PARTICIPANT: I want to just support what others have said about this being a serious
problem. I would like to harken back to something I mentioned when I talked, and that I have
thought a lot about, which is sort of like whether this particular avian flu is Chicken Little, and
we said the sky is falling, and it does not fall, or it is Chicken Big. The issue really is that
pandemic preparedness has to be addressed for the short- and long-term. This perspective ties in
with this preparedness portfolio. As we move new technologies further along, and understand
better what interventions we make, we also have to be focused on public health preparedness.

I want to return to the comment that I made earlier. There are studies of immunogenicity
of novel strains. Further, the studies that have just begun that were described here by some of the
funders and participants will be informative. If we do see substantive immunogenicity in any of
the regimens, one could consider: Can we incorporate immunologic preparedness for pandemic
strains into influenza preparedness in general? And we will then have some vaccine, and a way
to give it. And one could conceivably make more. I am not saying it is just building
immunologic memory in the population. It is evaluating this whole portfolio critically. But that is
something that I think we do not have to wait forever, and can help build the kind of capacity we
need.

PARTICIPANT: I would like to thank the organizers for supporting me to come here
from Thailand. I feel badly for other countries like Vietnam or Cambodia that did not have the
chance to come here.

In Thailand we have had a few meetings to discuss similar issues that are being discussed
here. So, we appreciate that you recognize the problem in our area. When I heard the modeling
of'a pandemic presentation, and it was said that it could take about two to four months for the
pandemic to spread around the world. I thought that in reality, if we had a pandemic, we would
have no chance in my country. To have access to tamiflu at the time of outbreak is difficult, it
was difficult in the past with the two outbreaks that have occurred.

In Thailand we believe that other countries will have their own stockpile of drugs or
vaccine for their people. But how many people or countries will think about getting vaccine to
the hot spot where the outbreak occurs. We would like to plan to be self sufficient—to stand by
our own. But we do not we have the factory to produce vaccines, why? The technology is
difficult for us acquire. We would like the WHO or other international organizations to help
support vaccine production in our countries. Similar support is given to us for work on HIV
research. We have a NIS laboratory to support us with the reagent, the serum, and the peptides. I
would like to see something like this for pandemic flu. It is difficult to send materials out of the
country. You need a special channel for transporting infectious material out and to communicate
to with the international organizations, it takes time. If an international organization can help us
get access to materials-- reagents so we can take care of ourselves from the beginning. We can
then give you preliminary data at the time that the material is being shipped to your lab.

PARTICIPANT: My comment follows-up on an earlier comment, what was missing was
social science research linked to all the research that was presented and discussed here-- the
more basic infectious disease immunology and virology research. When a plan or strategies for
the implementation phase is developed, you need to know the recipients of these strategies very
well. There could be some near-term research that would look at how you reach different kinds
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of people in different settings; this research would be helpful for any public health emergency,
not just this one.

We have had experience here, for example, the African American community in our
country, which is not represented here, had a really hard time accepted preventive measures for
HIV infection. It took a long time, because the public health community really did not
understand what the concerns were, what their beliefs were, and how to reach people who had
credibility in that community. So, whatever strategies are developed, be they for prevention, for
prophylaxis, for management, for dealing with an emergency, maybe there is already research
out there that I do not know about, but the linking of the social science research that would help
in the implementation of whatever these other areas come up with I think would be helpful.

PARTICIPANT: I spent a lot of time trying to make the case for investments in diseases
that are very far away and neglected. And I am struck by the disparity and the reality, and how
we are looking at it. And I do not know if that is social science, anthropology, or what the field
that is required here. We have a disease here creates 36,000 excess deaths every year. And it is
really different than malaria, where it is very far away, and it happens to children, and it is
unseen, and there is not an advocacy group. So, I think we have in the context of a number of
anthrax cases that caused sheer panic in this country; we have the basis for thinking that this is an
important disease every year. And yet, we are unable to communicate that beyond the in
community that works on influenza and works on vaccines and thinks that this is important. This
abject failure to translate what are real, countable deaths and then the fear of the next pandemic
when it strikes is really astonishing, and one that deserves some analysis that goes beyond the
tools that we probably have at this table.

PARTICIPANT: I just wanted to follow-up on the very good point about the social
research agenda and what is going on here. I think this is a very important point. One of the areas
that public health today is really short strapped in attempting to try and prepared for this kind of
issue, and they obviously have been boosted to some degree by the recent funding that has come
out relative to post-9/11. But what very few people realize is that while those dollars were
coming from the federal government, state governments were cutting that amount or more in
many states because of state budget issues. Many of the state health departments are not really
much better prepared today in terms of infrastructure, planning, and so forth. You need look no
further than what happened last fall when we had the vaccine shortage. Nobody was prepared in
the public health or health care delivery system to figure out how to allocate vaccine in this drop
of'a dime when there was suddenly a shortage. And the fact that we did not even have that
worked out I think goes to the point that was being made about we have a lot of work to do here.
So, I think that agenda should be there very, very definitely, and that that is part of the research.

It is as horrible to consider, but being prepared is as straightforward as how do we deal
with bodies? We had one experience in this country in 1995 in Chicago when we had the heat
wave, where they could not process bodies fast enough and had to put them in refrigerated semi-
trucks, which created a psychological situation in itself, which was there. We have done the
calculations. Even a mild pandemic today in this “just in time” delivery model of even funeral
services and burial could not handle a slight increase in the number of bodies that would need to
be processed. So, I think that is again, a social science issue as much as it is actually a
technology issue. So, I think many of us would urge that that be part of the research agenda.
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PARTICIPANT: If you go on to the Department of Health in London's Web site, there is
a public information leaflet that tells you and your family what you need to know about
pandemic flu. The point about this is that this has been researched. And just as it is important to
be doing the research on all of the things we have heard about in the last two days, this simple
piece of writing and leaflet has been researched with the public. It is been redrafted and re-
researched. This is part of the operational research and the infrastructure research that is every bit
as important as the rest of the science. If you cannot communicate the issues, there is not much
point to actually doing the science. So, we already have this communication piece. It is in place,
and it is available. But this type of research is a part of the research agenda that we have not
talked about in the last two days. It is every bit as important.

DR. FINEBERG: Thank you for that reinforcement. This has been a remarkably
hardworking group. I must say, the fact that you have been willing to attend so faithfully not
only the plenary sessions, but to throw yourselves into the workshops to work so creatively, I
would say so abundantly with the ideas that will give us a lot to work with in trying to craft the
proceedings of this discussion that does justice not only to the ideas, but to the convictions and
the drive that is behind so much of this discussion.

I think that it is inevitable that a research strategy must begin from a vantage point of
asking why we are starting on this research. And if we do that, and if we start from a vantage
point of protecting the public, if we start from a vantage point of protecting the individual patient,
if we start from a vantage point of solving mysteries of biology that apply to flu and to others, if
we ask ourselves the question of what is important in one country, and what is important from
another country's vantage point.

If we are willing to take multiple perspectives, I think we are going to be able to define a
convergent research strategy that is going to depend upon many actors working in a way, at a
degree of coherence, and a degree of collaboration, and a degree of coordination that is
unprecedented in the flu field, and maybe unprecedented in preparation in advance for any
natural disaster. I am hopeful that this deliberation, this set of discussions can contribute
materially to the ability of ourselves, our nation, our world to accomplish that kind of increased
coherence for research.

I want to ask each of you who are here if you have thoughts afterward that are result of
further reflection, or perhaps you have not felt moved to come to a microphone, and would like
to share some additional ideas bearing on these questions that we have discussed over the two
days, we welcome them. We urge you to share them.

I want to say personally how much of a thrill it is been for me to be able to be part of the
discussions, to be with so many who have done so much over such a long time for public health,
for influenza, for research, for the care of patients, for the advancement of science as it bears on
all of these concerns. I am truly grateful to all of you for your participation. I want to thank the
presenters, the briefers, the chairs, the rapporteurs, and all those who have contributed so much
through the course of these discussions, and helping to plan it, and helping to carry it through.

I look forward very much to our continued work together toward the goals that we have
outlined. I want to thank all of you for being part of the program. And please join me in also
thanking especially the staff, Dr. Rose Marie Martinez and others who have been so valuable
through the course of these days in making our discussions come to life.
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08-Working Group 4 Briefing Slides, Antivirals and Non-Specific Approaches, Treatments and
Immunotherapies-Dr. Hayden, Briefer

09-Plenary Presentation Slides-Dr. John Treanor

10-Plenary Presentation Slides-Dr. Webster

11a-Working Group 5 Presentation Slides, Immunology, Assay Standardization, and Correlates
of Protection-Ann Arvin, Rapporteur 139

11-Working Group 5 Briefing Slides, Immunology, Assay Standardization, and Correlates of
Protection-Dr. Brian Murphy, Briefer

12a-Working Group 6 Presentation, Pandemic Vaccines-Assessment, Development and
Production Strategies, Dr. Rabinovitch, Rapporteur

12-Working Group 6 Briefing Slides, Pandemic Vaccines-Assessment, Development and
Production Strategies-Dr. Harry Greenberg

13a-Working Group 7 Presentation Slides, Strategies to Contain Outbreaks and Prevent Spread-
Dr. Nicole Lurie, Rapporteur

13-Working Group 7 Briefing Slides, Strategies to Contain Outbreaks and Prevent Spread-Dr.
Neil Ferguson, Briefer

14a-Working Group 8 Presentation Slides, Viral Transmission, Understanding and Predicting
Pandemic Risk-Dr. Peter Palese, Rapporteur

14-Working Group 8 Briefing Slides, Viral Transmission, Understanding and Predicting
Pandemic Risk-Dr. Daniel Perez, Briefer
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