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PROCEEDI NGS 8:30 AM

Agenda item Introduction

DR. VEIR Good norning. | amJerry Weir of the
Division of Viral Products at the Center for Biologics, and
| am going to quickly introduce our norning session, our
speakers and nake a coupl e of announcenents.

First of all, thank you all for com ng and
participating in this, and what | amgoing to do is nmention
the Organi zing Conmttee so you will know who these peopl e
are, and if you need anything you can seek them out, and we
will try to help you with anything.

As | said, | have a couple of announcenents to
make and then we are going to have introductory remarks
this nmorning fromall three of the participating agenci es.
Dr. Jesse Goodman is the Director of the Center for
Bi ol ogi cs Eval uati on and Research at the FDA. He will cone
up after ne and then nmake a few remarks, and then foll ow ng
that Anthony Fauci, the Director of the National Institute
of Allergy and Infectious Diseases will speak for a few
m nutes and then finally David Wod, the Coordi nator of
Quality, Safety and Standards for WHOw || end the
i ntroductory session.

The Organizing Conmttee, as | said, this was a
joint enterprise of three agencies, CBER, N Al D and VWHO

and our Organizing Conmittee consists of Maryna



Ei chel berger over here, Hana Gol di ng, over here, Maureen
Hess who nay be outside. OCh, no, she is at the back there,
nmysel f, Catherine Luke from NIH over here, Kanta Subbarao
in the front dowmn here and for WHO Martin Freed in the
center and David Wod up front here.

Al of these folks will be happy to help you with
anyt hing you need. So, just let us know and we will try to
make the neeting as enjoyabl e as possible for you.

Ckay, | only have three brief announcenents this
norning. First of all, as | think nost of you know are
aware we had such an overwhelmng interest for this neeting
that we ended up webcasting it. So, it is extrenely
i nportant that everyone use the m crophones at all tines.
That is the only way any of that will be able to be
transmtted over the web.

So, they have a couple of m crophones in the
center. Take a couple of extra mnutes to go to the
m crophone and use it for questions or comments. It would
help if you would identify yourself as well. | don't think
we have the caneras set up so they will zero in on you but
| think it is nore inportant that they hear your questions.

An announcenent for the speakers, we have
succeeded in | oading nost of the slides for the norning
session but please cone see one of the organizers or the

audi ovi sual fellow well before your talk so that we can get



them on the conputer and get them | oaded before the
session, and finally I amgoing to nention this in a
second, we want all of you to really interact and nake this
a wor kshop and so what we are looking for is all of you,
any of you to submit ideas for the panel discussion that is
at the end of day two.

So, if you have ideas, you have conments seek out
one of the organizers and |l et them know what you would |ike
to hear in this panel discussion.

| will remind you that the goals of the workshop
are pretty sinple. The idea is to identify gaps in our
knowl edge and abilities to address the chall enges for
devel opment and eval uati on of pandem c influenza vacci nes
and to facilitate inplenmentation of a global research
agenda to inprove the efficacy assessnment and basically to
address these gaps.

We have four sessions, as you know or you can see
on your agenda. We are hoping to review and di scuss the
current know edge regarding correl ates of protection
agai nst seasonal influenza, talk about the immune responses
to avian influenza infections and vacci nes for novel
i nfluenza viruses in humans, discuss assays to eval uate
vacci ne i nmunogeni city and eval uati on of avian influenza
vacci ne efficacy, and again, | enphasize there will be this

panel discussion at the end of day 2.



Pl ease think about this, submt your ideas. W
w Il accunulate them W will actually wite them down and
make slides of themand we would like this to be a real
wor kshop.

Wth that, welcome one nore time, and here is Dr.
Jesse Goodnan.

Agenda Item Wl conme and Openi ng Address

DR. GOODMAN: Good nmorning. | really think
this is a tremendous workshop, and | just want to wel cone
everybody and thank you all for participating.

| amjust going to nake a few conmments about why
| think this is so inportant and what we see from our
perspective |ooking at a nunber of vaccines, both existing
ones and vacci nes in devel opnent, what are sone of the
i nportant questions and observations and | will quickly go
t hrough that.

It has sort of been this area. | have been
fascinated in the last few years. It is not at all sexy.
You know what are the assays? What are the correl ates, but
every single thing we try to do in the real world about
i nfl uenza vacci nes we cone up against the limtations of
exi sting assays and their performance or the |ack of
under st andi ng of correlates of protection.

So, what are sone of the things we need? W truly

need better assays, and we al so need correl ates of



protection neani ng assays that can be easily perforned in a

variety of settings and sone of the people in this room
have done the studies that both point the way toward t hat
but al so show sone of the difficulties and with results
that are reproduci bl e and conparabl e across studi es and
sites and then very inportantly the results of which are
predictive and can ideally serve as surrogates for clinical
out cones and one thing | have been very struck by in

t hi nki ng about influenza is that while for regul atory

purposes and it is an easier thing in clinical trial design

we focus on protection against infection and infection is
well defined, inreality particularly for pandemc it is
not just infection but protection against illness,
hospitalization and death that are inportant and perhaps
nore achi evabl e.

So, | think we have to | ook at ways of
under st andi ng data both for HA type correlates and for
others that focus not just on infection but on these
clinically significant endpoints.

In terns of performance obviously sone of the
i ssues are reproducibility, the speed of assays and cost.
This is an area where many peopl e have kind of |abored by
hand in the vineyard over the years but it really hasn't
been a focus of nodern bionmedical science to inprove these

assays and peopl e have sort of done this on the side.
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Not only do we need the clinical prediction as |
sai d about infection and about hospitalization and about
death but particularly pandem c vacci nes and al so the
effort we hope to inprove annual vaccines raised the issue
of how do we even begin to neasure heterol ogous protection,
and | am very struck every year when we go through this
and hear from our coll eagues at CDC and WHO and we | ook at
the cross protection and by neutralizing assays in serum
how little we understand about what those data mean and how
they translate clinically.

So, | think we want to try to get that
information so not just defining a sinple surrogate but
begin to extend the idea of the surrogate to include
het er ol ogous strains and then of course the issue of
primng of the kind of nmenory response and protective
response agai nst hospitalization and death may be very,
very different fromthe response agai nst a honol ogous
i nfection.

Oten left out here but a cause of problens and
again we have seen this in the regulatory arena and al
those in this roomwho do these assays know that we don't
understand that nuch about the antigen but not only the
assay but the antigen itself can affect the assays and |
think there may be issues about how the proteinis

conf or ned.



We think about that in terms of vaccines but we
al so probably need to think about that in terns of assays
and then there are a nunber of tal ks on the agenda as you
wi |l see about what are non-hemaggl utinin determ nants and
what are their relevance and | won't go through this.

The ot her thing although the focus here nowis on
t he pandem ¢ vacci nes obvi ously our understandi ng of
correlates and of protection is deficient not just for H5
whi ch has been a particular challenge but will the
knowl edge we get for H5 be applicable and how applicable to
ot her sort of neo-antigens and what about seasonal
vaccines; do we really think that the requirenents both
bi ol ogically and then froma product point of view should
be the sane?

There is clearly a deficiency in the basic
science in the nodels and | think we need to tie our work
on surrogates to these nodels and ideally you woul d have
ani mal nodel s which were reasonably predictive of what you
felt the clinical surrogate neasures would then be, and we
know t hat none of our aninmal nodels currently, well, let us
put it this way data fromthe ani mal nodel s suggest
certainly that that is not going to be a sinple
correl ation.

So, you know, observations such as protection and

t he apparent absence of antibody, etc., what does that



nean? What are we neasuring? What are we seeing, and how do
we instead of just shake our heads about it or concl ude
that the animal nodel is fine and it tells us everything is
fine, how do we understand this in sonme kind of way we can
hang our hat on?

Then anot her thing we deal with frequently in the
regul atory agencies and certainly our colleagues in Europe
have dealt with the sane thing is that we al so need better
pot ency assays and obvi ously the understandi ng of
surrogates is intimately tied to the potency assays.

So, what do we need to do noving forward and what
is the purpose here? | think what we are all trying to do
is move this area of assay devel opnent and i mrune
correlates to the front burner and that is what | see as an
i mportant catal ytic event at this neeting.

| have heard for several years our coll eagues at
WHO and CDC, NIDFC, etc., have said that this is inportant
but how can we now accel erate the pace of noving this
forward, and what are sone practical suggestions? Certainly
we ought to find a better way to support lab quality and
standard efforts so that we can be better prepared with the
current types of technol ogies or inprove those.

Lack of sanples has been a real issue and can we
think of ways as a gl obal community to bank sanples and

share sanples? | think that one of the great things about



i nvestment in pandem c preparedness and renewed interest in
production of annual vaccine, things we have really been
trying to achieve is that there are a | ot of studies being
done. How can we fully take advantage of those studies to
eval uate assay issues and generate sanples, etc.?

So, | would just ask that since we have an
i ncredi ble group here of influenza experts, people working
in influenza vacci nol ogy, people with a | ot of experience
that we try to identify practical opportunities and next
steps because | know that those of us at WHO and Tony at
NI Al D and nyself we really want to try to have our
institutions support practical ways of noving forward in
this area.

So, that said, thank you all for the interest and
participation and to the people listed for supporting this
and many for organizing the neeting, Jerry, Maureen and
others and just to say that we will work with you noving
forward and | in the spirit of international cooperation we
have the Swiss Matterhorn up there for our European
col l eagues. | hope there is nore snow on it now. David
per haps can tell us.

Anyhow | am sorry we don't have anything locally
to conpete with this, but again thanks for being here and
we really, really, | truly think this is incredibly

inmportant and it rem nds ne you know we are all engaged in
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consci ousness raising here but this is a perfect; it is
sort of you know the FDA critical path initiative, if you
want to tie it to that.

What NIH is trying to do would translate in basic
science into clinically nmeaningful stuff and what we are
all trying to do for WHO at inproving global health, | nean
this is the place where the scientific needs and the
practical needs are really com ng together in a clear-cut
way and there is a trenendous opportunity.

So, thanks a | ot and wel cone.

| am happy to ask Tony to cone up and al so share
a few perspectives.

DR. FAUCI: Thank you, Jerry and Jesse. It is a
pl easure to be here with you this norning to just take a
mnute or two to make sonme wel conme, thank you and openi ng
remarks for this very inportant conference.

| really don't want to take too nmuch tinme at al
just a couple of mnutes but I want to | eave you with one
nessage fromthe standpoint of the way | have been | ooking
at this issue over the |ast several vyears. The title of
what we are doing today is inmune correlates of protection
agai nst influenza A virus in support of pandem c vacci ne
devel opnment and it is interesting that I know we know it in
t he back of our mnds but the fact is that it is now the

tenth anniversary of the first known human H5N1 that was
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isolated in Hong Kong in 1997, the original 18 cases, six
of which were fatal

So, it has been 10 years now we have been trying
to get our arnms around how we are going to handle the
potential for a pandemic flu. The reason that there is
still such intense interest is obviously the threat stil
| oons. This is the latest nunbers that you are all famliar
with of a continually percolating nunber of infections
that tell us every day that we | ook at the nunbers that
al t hough there has not been the expl osion that everyone is
very concerned about and m ght not ever be, the fact is the
problemis still here and what | oons in everyone's m nd
that has catal yzed us all over the years is the threat of
this which we all know this fanous slide which depicts the
New Yor k Ti mes nmagazi ne cover rem nding us of the events of
1918 where nore than 50 mllion people died.

You know this | ed several years ago to sone very
aggressi ve approaches on the part of the United States
Government not just the Departnent of Health and Human
Services but in fact the entire governnent including the
Honel and Security Council and Departnent of Honel and
Security.

There are a nunber of national strategies. HHS s
Pandem c Influenza Plan had a strategy and inpl enmentation

that really set the road map for the kinds of things that
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were done within the departnment and that inpacted so many
of us in the roomincluding and particularly the issue of a
vacci ne which is the broad general topic of what we are
tal ki ng about today.

You all know that within the Departrment of Health
and Human Services there are conplenentary roles that are
pl ayed by the various agencies and | don't want to take any
time going over the details in each and every one of them
but they are listed on this slide as you see with the major
role played by the CDC in their surveillance and their
detection capabilities, their training of |ocal response
teans and their inportant responsibility of maintaining
vacci ne and anti m crobi al stockpiles.

The NIH, particularly NTAID s major role is to
conduct the basic and clinical research leading to
count er measur e devel opnent .

The FDA you heard from Jesse just a nonment ago
with their inmportant role in regulatory approval and
gui dance through the regul atory project and the overal
coordination of this by the Assistant Secretary for
Prevention and Response which takes care of HH w de
coordi nati on energency preparedness.

NIAIDis alittle bit unique conpared to ot her
institutes in that we have the sanme nmandate to maintain a

robust, basic and applied research portfolio and as | say
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when | tal k about our relationship to other institutes you
could plug in depending upon the institute m crobiology and
i nfectious disease if you are us, cancer if it is cancer,
heart, |lung, blood, etc., but the thing that we have to do
that is alittle bit different than others is that we have
to rapidly respond to new energing and re-energing threats
whi ch is sonewhat unique in that there is always an
energency aspect, very nuch the way the CDC every day has
to think about what they are going to read about in the
paper what is going on the follow ng day, we have to | ook
at how we are going to plan for the research endeavor for
t hose enmerging threats and influenza really is the
prot otype of both an energing and re-energing threat, and I
think that is the reason why it is so inportant fromthe
research standpoint to do what we are doi ng because we are
tal king about two things at the same tine.

You notice the title is Imune Correlates in
Preparation for the Devel opnment of a Vaccine for Pandem c
Flu. So, the one nessage that | want to |leave you with is
that in fact it is not just for pandemc flu which as you
know t he burden of which is substantial. These are nunbers
that everybody in this roomis very famliar with. So, |
don't need to dwell upon it but what we have done over the
| ast several years is remarkably accel erated our influenza

research funding and if those of you who have seen ne talk
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about the NI H budget in general you might recall that from
the year 2000 and two and one-half to 2003 until 2007, it
is atotal flat line of the N H budget.

So, of any of the endeavors that have accel erated
| mean it isn't billions and billions of dollars but it has
gone froma pittance just in the beginning of the turn of
the century to now a consi derabl e robust portfolio and the
ki nds of things we do as you know are fundanmentally based
in the basic research but the ultinate goal is to be a part
of a teamto develop the vaccines, therapeutics and
di agnosti cs.

| f you |l ook at the nmjor vacci ne devel opnment
chal I enges in 2007 Jesse nentioned several of these. One
very inmportant one is the subject of this neeting, a better
under st andi ng of inmune correl ates, assays to neasure
I Mrune responses, new vacci ne approaches, dose-sparing
strategies, the adjuvant work that is going on, the
refinement of new approaches to vacci ne devel opnent, nanely
cell culture versus egg based, cross protection strategies
and | mght say again all of us in the roomare aware that
al t hough we don't have any definitive answer to this now
over the last 3 or 4 years that data both on adjuvant dose
sparing as well as cross protection strategies has
actual ly | ooked rather favorable.

| always say that with a little wince when | | ook
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at Jesse because every tine | say that he always gives ne
the "Show ne the definitive data," but the fact is it does
| ook good at |east fromseveral of the countries. So, we
are continuing to put efforts into that as well as the
surrogat e neasures of efficacy.

| want to close in this very brief introduction
by re-enphasizing the point that | alluded to in the
begi nni ng about the fact that we are simultaneously doing
two things.

A true story, last night, pure circunstance; it
was absol ute happenstance | had the opportunity at a
holiday snmall dinner to be sitting next to a guy that |
have know before he went into this position, Mke Chertov
who you know is the Secretary of the Departnent of Honel and
Security and he was saying how frustrating it is to have to
put so nuch resources into trying to prepare for sonething
that m ght not ever happen and how you are always up for
the criticismthat you are putting resources and it m ght
not happen; why aren't you putting resources into
sonmet hing that you know is going to happen?

It isalittle bit different for us. So, | gave
hima little bit of indigestion. |I said, "Mke, maybe you
have that problembut with influenza we really don't have
t hat probl em because everything that we are |earning about

i ncluding correlates of immunity, including advancing the
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platforns with new platforns, new ways to nake vacci nes,
under standi ng the rel ati onshi p between the i mmune response
and protection against influenza vis-a-vis vaccine,
everything we do for pandem c influenza preparedness is
going to have a nmjor inpact on what we are going to be
doi ng for sonething that we absolutely knowis going to
happen every single year is seasonal influenza.

So, again | would like to join Jesse and David in
t hanki ng you all for being here and wel com ng you and
wi shing you a lot of exciting tinmes over the next day or so
so that we can push this field forward.

Thank you, and, David, | am supposed to introduce
you.

DR. WOOD: Good norning, everybody. It is a
pl easure on behalf of the Wirld Health Organization to add
a few words of welconme to both the participants here in the
room and al so those who are joining us on the web and al so
to thank Jesse and Tony for their introductory words, and |
can assure Jesse that yes there is nore snow around in
Switzerland at the nonent. It looks like it is going to be
a good ski season this year. So, that |ooks good.

As Tony was sayi ng pandem c influenza will be a
maj or gl obal public health enmergency should it occur.
Hi story tells us that it will occur at some point. W just

really don't know when and the 193 nenber states of the
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Wrld Health Organi zati on have urged the organi zation to
hel p them get prepared to respond appropriately to this
t hreat .

WHO i s therefore engaged in a range of activities
geared towards hel ping countries devel op pandemic
preparedness plans and as Tony was sayi ng these panden c
pr epar edness pl ans include a range of neasures, antivirals,
non- phar maceuti cal interventions, social distancing, etc.,
and until recently |I think it is fair to say that vaccines
did not figure very highly in these plans sinply because
credi bl e vacci ne candi dates were not avail able and | think
over the last 12 nonths or so this | andscape has changed
dramatically .

This has been due | think in large part to a
concerted effort fromthe industry not only in the
devel oped world but also in devel oping countries and that
it has been catal yzed by the global public health
comunity.

| think it is true to say that we now have
several credible vaccine candi dates whi ch have energed over
the last 12 nonths and this really gives us now a new set
of problens that we are facing. From a gl obal perspective
WHO is striving to ensure the equitable distribution of the
benefits that will arise from having these vaccines

avai l abl e and particularly in the context of what we are
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going to be discussing over the next 2 days it is
critically inportant to help the public health planners to
understand the proper role that vaccines will play in the
response to the pandemc. W need to be able to answer
guestions such as just how good are these vaccine
candi dates and can we do better. In order to hel p us answer
t hese questions we need bench marks to hel p us assess the
likely efficacy and effectiveness of the vacci ne candi dates
and obviously a clear understanding of the correl ates of
imunity will help not only the vacci ne devel opers,
regul atory officials but also the public health officials
all to make better evidence informed decisions about the
vacci ne candi dates that are comng forward and the role
t hat vaccines wll play in the overall pandem c response.
Hence | think the inmportance of this neeting and it is very
good to see |I think an alignnment of priorities com ng
toget her for the convening agencies because | think that
what we will discuss over the next couple of days will |
think be a very major benefit not only for all of you as
participants in the scientific community but ultimtely the
general public who should benefit from having better
vacci nes avail abl e.

So, in terns of WHO expectations for this
wor kshop we firstly expect to be able to further devel op

our guidance to countries concerning specifications for the
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regul atory eval uati on of pandem c influenza vaccine. W
very recently established through our expert commttee on
bi ol ogi cal standardi zati on what we call regulatory
pr epar edness for pandem c influenza vacci nes which include
a whol e range of issues but a section on the nmarkers that
are used to evaluate influenza vaccines and clearly we need
to be able to, we recognized at the tinme we devel oped these
gui dances that this would be an evolving field and this
nmeeting is an inportant next step along the way to help us
further evolve and devel op the guidance that we will be
offering to countries.

W expect also to develop plans of action to
address the gaps that we know exist in our current
know edge concerning correlates of immnity for influenza
vaccine. So, we hope to go away fromthis neeting with a
clear plan of action as to how we are going to address sone
of those gaps.

We expect as both Jesse and Tony have alluded to
that this neeting will also have inportant inplications for
t he eval uation of seasonal influenza vaccine. Finally, |
think we expect this neeting to further develop the strong
sense of working together, the strong sense of
col | aboration that is devel oped anongst the scientists,
anongst the regulatory officials, anongst the public health

officials who are all trying to conbat the issue of
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pandem c i nfl uenza.

Clearly there is a need for nore sharing of
information and again this is |I think one of the benefits
that we hope to get fromthis neeting.

To this end WHO has been pleased to be able to
support a nunber of scientists froma w de range of
countries to attend this workshop and I would like to
acknow edge the generosity of a grant fromthe Gates
Foundation that has enabled us to do this and so we have
participants fromas | say a w de range of countries who
will be able to take back the benefits of this discussion
and feed that into their own |ocal circunstances.

Just a housekeeping note if I may, those
partici pants who are receiving support fromWQ, if they
could see Caudia Al fonzo during the coffee break she will
assist themwith the matter of per diem Caudiais at the
back there.

So, | think that is enough of the words of
introduction. | think we should hand over now to the
nmoderator to get us going on the scientific session, but |
woul d just like to thank before | do the | ocal organizers
who | know have done a trenendous job actually in getting
us all here today and tonmorrow. | know that they have had a
tremendous job to field the huge nunber of tel ephone calls,

e-mail queries that came in once the workshop was announced
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and so | think I would very much like to thank the | oca
organi zers for the work that they have done on our behalf
and so | think now we get on with the business and hand
over to the noderators.

Thank you.

Agenda Item Session 1. Correlates of protection
agai nst seasonal influenza - Mderator: Robert Couch, M

Agenda Item Plenary Tal k: CGeneral overview of
immunity to influenza A viruses in humans and surrogate
mar kers of protection

Dr. COUCH | am Robert Couch. | amthe noderator
of the first session and also the first speaker, and as |
told this young gentlenen, | said, "I amnot conputer
literate enough to do this on ny own.”™ So, he has given ne
some help here, but while he is doing that | think a few
comments mght be worth giving up front. | know that Jerry
Weir had told you to store up your questions and comrents
for the panel. | would say that he sent an e-mail to each
of us and | am sure each noderator got the sane one | did.
He wants this to be a workshop not a series of |ectures and
if it is going to be a workshop it has got to be a workshop
in the norning, the afternoon, tonorrow norning, tonorrow
afternoon and at the very end and the only way you make
sonmething into a workshop is for the people out there to be

participating in this.
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So, | have viewed the speakers as introducing
t hese topics and not the persons who are just presenting
information for you to | ook and wite down, and there are
all sorts of experience in that audience that need to be
brought to bear on this discussion. If | say anything needs
to be inproved maybe it would be that it is easier access
to m crophones. W have got two in the mddle and Jerry has
told you have to have m crophones.

So, | think we ought to turn around the front
end, too, to nake it a little easier as well and | know
sonme of you but not all of you and if you don't stand up
amgoing to call on you. So you may be sitting there
t hi nki ng about the coments that you m ght nmake on sone of
t hese sessions. So, that is the concern you will have to
give to ny noderating session | guess. So, if you don't do
it 1 will call on you

Now, this is | think the third tine | have done
this topic, and I know Kanta Subbarao is the one who gave
nme this assignnent because she has heard nme probably |
think both of the other tines, but each tine | do it |
tweak it alittle bit and | agree that seasonal, | thought
seasonal influenza was very appropriate to start a mneeting
with, that that is the problemcurrently and pandem c
doesn't present anything in that way that is unique. It

just presents another extrene of what we have to deal with
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on an annual basis with seasonal influenza and that is
where nost of the data is on the subjects you have on the
t abl e.

That was very clearly enunciated by Jesse Goodman
and Tony Fauci in their introductory remarks.

Now, another comment to make is that Brian Mirphy
and | have exchanged slides here and | will tell you that
we are going to do two versions of the sane thing.

So, what | amplanning to do here is that | wll
present and then w thout stopping for discussions and
guestions Brian will present his and hopefully we have been
short enough so that we will have enough tine and then the
whol e subject will be opened up for this audience to
comment and ask questions for the two of us. So that is the
plan at the present tine, and | have got a tinmer here. | am
not going to tinme nyself. I wll just warn the other
speakers | will tinme everybody el se.

(Laughter.)

DR. COUCH. Al right, seasonal influenza and
first of all an overview on imunity. Honotypic inmunity
after infection with influenza virus is potent and | asts
for years. The immunity is associated with the persistence
of serum anti-henmaggl utinin and anti body.

Actually | feel a little bit Iike | amgetting

ready to lecture to the choir but at any rate this will at
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| east rem nd everybody of a | ot of these principles that we
do know, and this is the first one | want to focus on. This
is data froma set of volunteer studies that we did a
nunber of years ago. You can see a nunber of years ago with
the dates up there but this was followi ng the 1968
i ntroduction of H3N2, and we followed individuals for 4
years after a docunented infection three, two, one and then
brought in a new control and challenged all of them which
chal | enged dose by the way 1000 TCI D 50s anmounts to three
to ten HHD 50s if you want to think about it that way and
these individuals were selected to be free of any
det ect abl e anti body and you can see 17 of them 14 virus
i solation, 13 anti body responses, 13 ill and seven of them
febrile.

This was when we were doing volunteer studies in
the Texas Departnent of Corrections. So, we knew exactly
everything that had happened to those individuals. Those
i ndi vidual s 4 years ago there had been no reinfections in
that interval. So, we knew them very precisely and then
when they were chal |l enged again you see with that sanme
virus or related virus with which they were infected the
nost obvious thing is all these zeroes up here. There were
two anti body rises here but virus isolation zero, antibody
rises two here and no illnesses, no fevers. So, that is a

very potent protection fromhonotypic that |asts for
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greater than 4 years. That is what we get fromthat data,
and that was associated wth persistence of antibody.

Here are the sanme individuals. Here is the post-
infection GMI"s neutralizing anti body. W exchange both
neutralizing and HAl and basically except for being
sonmewhat nore sensitive are neasuring the sane thing.

Si x and one-half post-infection. That would be a
nmonth after the docunented infection and then pre-challenge
you can see down a little bit but if you go across here it
is really say less than twofold or maybe threefold over a
4-year period there of persisting antibody and that
persisting anti body was clearly associated with protection.

Now, we will say that repeatedly at this neeting
but you tal k about correlates there is no correlate that is
solidly established as serum anti body to the henaggl utinin
inrelating to the infection response on chall enge.

Now, persistence of antibody. This is persistence
of antibody to HAI in this case equal to or greater than 10
and 76 when sw ne appeared. You see nost people know if you
were | ooking at this age group it had been 20 years since
t hey had seen HLNI and yet 92.2 percent of them had
measur abl e anti bodi es.

I f you | ook at the younger age group, 3.8
percent. At that sanme tinme Victoria had been in or the H3N2

viruses had been in the conmmunity for 9 years, and this is
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the kind of thing you expect, a lot of antibody in both age
groups, a little bit nore in the younger than the ol der
i ndi vi dual s.

So, it is fitting right where it is and yet this
anti body has persisted. Now, A/USSR cane in in 1977, and
this is a cross-reacting nostly presumably anti body agai nst
t hat one. Those viruses there are simlar to one that was
present at 53 and this was the year after it first entered
the comunity so that part of this is accounted for by
infections with HLIN1 previously but you can see this very
hi gh nunber of percentage of individuals who had anti body
agai nst that virus.

One of the problens with a hearing aid is that
all of a sudden batteries die. | had one that just died. |
will replace it inalittle bit. At any rate here we have
this persisting anti body and now when we | ooked at our
community in that year of that outbreak you see here is the
previ ous year, 1977-78, a community outbreak with an H3N2
virus primarily A/ Texas and there were a little over al nost
700 isolates in the community, 77 percent of themin
younger individuals just as you woul d expect, 23 percent in
ol der i ndi vi dual s.

On the other hand if you | ook at the Brazil the
subsequent year alnost | would say 240 isolates, only 1

percent in those older individuals. So this persisting
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anti body that we nmeasure in the serumas anti-HA was
clearly associated with persisting inmmunity for at |east 20
years.

So, you can't get nore potent than that in terns
of a honotypic community. Now, unfortunately influenza
doesn't give us the luxury of being able to deal just with
that and that creates the problem Heterotypic immunity
after infection with an influenza virus is reduced in
potency with increasing time since infection and is
primarily attributable to antigenic variation. The
reducing immunity correlates with reduci ng serum anti -
hemaggl utinin anti body to the infecting virus.

Now, we have simlar data to what | showed you a
m nute ago with chall enge of volunteers for those
heterotypic viruses but | like the data froma pair of
famly practitioners in Australia illustrating this data
very clearly. They followed their practice very closely
from 1968, and thereafter, and they had a group of
i ndi vi dual s when the Victoria epidem c occurred 9 years
after the introduction of H3N2, they had a group who had
never seen it. They had seen it and no evidence of prior
infection or illness, 94 of them So, we call that one
zero. Fifteen percent of them of them had sone neasurable
anti body which is not surprising. The infection and ill ness

attack rate was 27 percent and then there was a group that



28
t hey had docunmented infection with 6 to 7 years earlier
with the first introduced H3N2 Hong Kong. Thirty-one
percent now, tw ce as many had anti bodies, 17.9 percent.
Those who were infected with A/ England, 72, the first
variant, again 4 years now, and now we are up to 52 percent
anti body reduced to 8.3 percent, Port Chal ners, the next
one 2 years 86 percent had anti body, 4.3 percent, very
clearly showing that with this antigenic variation as it
varies you | ose anti body coverage and you i ncrease
infection and illness and that is associated with tine
since the initial, a very clear statenent of influenza and
this is a summary of sonme of the clinical variables that we
know rel ate to seasonal incidence that we associate with
t hose i munol ogi cal findings, age, children, increased
infection, infection rates. That we say if primarily the
i munol ogi cal basi s.

Very young children in addition to this infection
ri sk have an increased illness severity risk, increased
hospitalization and that is a little dip up in the
nmortality curve as well.

In the elderly increased conplications risk and
i ncreased death is associated with the conplication. You
see we don't need a virus |laboratory for know ng that sort
of thing. Health status, the healthy are | ow conplication

ri sk, the unhealthy high conplication risk. W feed that
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into our recomendati ons for vaccines.

Prior antigenic exposure. Recently we just went
t hrough a high level of inmmunity. The nore renote the
| oner the level of inmunity attributable to antigenic
variation the greater the attack rate of infection and
illness.

Now, with that overview of imunity of influenza
| am going to nove on now to consideration of the second
assignment here and that was surrogates or correl ates of
immunity to influenza and starting with a repeat.

This slide | have | abel ed sonme truisns of human
influenza. Immunity to reinfection devel op foll ow ng
infection; immnity to reinfection with antigenically
simlar virus is very potent and |asts for decades.

Il munity reinfection with an antigenically
different virus is reduced with tine and degree of
antigenic variation. Thus, the natural history of influenza
defines the domi nant basis for immunity to influenza in
humans as the i mMmune nechani smdirected towards the HA and
the NA gl ycoproteins, those proteins that exhibit antigenic
variation and that is fundamental to influenza.

Now, there is an adverse correlation as we have
i ndi cat ed bet ween pre-exposure serumanti HA and occurrence
of influenza virus infection on exposure and here are two

exanples. This is an outbreak in the mlitary with H2ZN2 in
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1960. It is a very nicely described one, pre-epidenic
titers less than 8 to 64, nunber of individuals, percent
ill 43 percent with increasing antibody reduci ng nunber of
infections and illness and this is data with five different
antigenic variants in our challenge studies. In relation to
i ncreasing neutralizing antibody there is reducing
infection and illness for each one of these.

By the way in order to get a zero at all there
had to be at least six individuals in that category. Port
Chal mers, Scotl and never becane an epidem c virus was an
internedi ate variate and Victoria. So, it is a very clear
principle that has been stated repeatedly but is well-
docunent ed.

| like this fromthe witings of Thomas Francis.
Those of you who are not as old as | am you know at | east
this name you should recognize. If you haven't go back to
the literature. In this country he was M ster Influenza for
a few decades.

This comes fromthe Harvey Lecturers 1941 and
1942. Serum anti body titer of individuals who take sick
fall within the | ower ranges. Hi gher titers in unaffected
subj ects were indicative of resistance.

It is not possible to predict on the basis of
anti body titer whether a given subject will develop a

di sease. So, there are two points | want to make on that.
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One is that it reinforces what we have been saying. It was
present in 1941. It is present in 2007.

One of the things that we sonmetines say in our
group, what we do is we keep discovering what Tomy Francis
already told us. That is not an entirely inappropriate
statenent and the other is that you can't predict it. There
is no single level. W have |ooked at it. It is a gradient
and that gradient and that principle is what is inportant
as opposed to a single level and the fact that you can't
predict the single level tells you that it is not only
serum anti - hemaggl uti nin anti body, that there is redundancy
in the system that there are other factors. That is where
we go on with the question of surrogates.

Now, this slide summarizes nedi ators shown to
convey or correlate with imunity to influenza infection
and di sease and the major nediators, serum antibody to the
hemaggl utinin and the M2, secretion antibody to the
hemaggl uti ni n and neuram ni dase cel |l -nedi ated i nmunity,
cytotoxic | ynphocytes, the effector nechani sm NPML. There
are others that have been described, roles not clarified
and cyt oki nes.

There are cytokines that rel ease specifically as
a result of antigen stinulation that have antiviral
effects. Now, the specificities, we have already enphasized

that the hemaggl uti nin and neuram ni dase are variant. The
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M2 is type specific and so are the cell-nediated cytotoxic
responses. So, that is type A as opposed to a vari ance
within type A

Al'l of these have been very clearly described as
having significant ability to convey immunity in ani ma
nodel s, rodent nodels primarily mce. So, there is no
guestion about that in that system and that has provided a
| ot of our guidance.

Humans for a long tine it was hemaggl utinin
neur am ni dase and these two sites and recently Janet
McEl haney has made it possible to put a check at this
poi nt .

So, that is sonething that we also will have on
the table in this discussion. A brief review of rodent data
that brought us to this. So, this is where a | ot of our
principles cone from | amnot a nouse doctor. | ama
human doctor but those m ce have taught us an awful | ot
about influenza. Sonetines they have misled us. Let us not
make that 100 percent but on the other hand they have
taught us an awful |ot.

Passive adm nistration of 1gG anti-HA anti body
can prevent infection very clearly. Passive admnistration
of anti-neuram ni dase and anti-M anti body does not prevent
i nfection but reduces the intensity of that infection,

reduces the severity of disease, pronotes recovery and
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reduces conplications.

Anti body to internal proteins does not nediate
imunity. Anti-HA antibody can cure an established
infection once it is under way. Antibody to the
neur am ni dase and M2 cannot. |gA knockout nouse infections
are the sane as those in normal mce. That doesn't say that
| gA can't convey a role. It just says that it is not
essential, and it begins to enunciate the fact that there
is alot of redundancy in this systemwth alternative
correlates for us to consider.

Now, when contiguous preferential antigen uptake
and anti body responses on restimulation is for the
hemaggl utinin as opposed to the neuram ni dase.

That is the Ed Kilborn and Burt Johanson and |
left this one in primarily because | wondered if that m ght
not be true to M2 because of its proximty and | am goi ng
to show you sone data in a mnute that says that M
responses do have a little bit of a problem

Now, for those cellular functions CD8s are the
major T cell in the lung and | ower airways during
i nfluenza. CD8 CTLs can nedi ate recovery from pneunoni a.
That is the basic nouse nodel of nortality. CD8s, CITLs
al one can reduce the level of infection in the nasal
mucosa. Some of you know | had a little concern about the

mat hematical data we will showa little bit |ater because
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of the circunstances and wondered if those cells can work
at the nmucosal |evel across that epithelial barrier because
that is where they have got to work if they are going to be
of any value in humans. Human pneunonia is a rare finding.
It is arespiratory tract infection. Qur cellular
i mmunol ogi st did an adoptive immuni zation study with those
active cells and showed that they cab reduce the virus
titer in the nasal secretions and in the nasal turbinates

So, | amreassured that CTLs can actually work at
the respiratory track where they gave got to work if they
are going to be of any value in influenza. Now, another
guestion is how nuch value are they but at any rate and for
action they have got to have direct contact with that cel
you see. So, they had to be able to work at that nucosal
surface.

Nor mal recovery can occur in the absence of CM
or CD8 but not when both are present. That just is one of
the general findings. There is a lot of fine tuning of CD8
and CD4 function but at any rate again it enphasizes the
fact that there is redundancy in the nouse system There is
redundancy in the human systemand it is a |ot of those
other correlates that we don't give consideration to.

Now, back to ny summary slide and | want to take
M2 you see has not mark here for humans; CTLs just recently

got marked for humans and consider those type specific
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correlates first.

The potential role for M antibody and CTLs is
not for prevention of influenza but in hastening recovery
and preventing conplications. Preventing conplications, Dr.
Wod enphasi zed the fact that that may be as inportant to
focus on in the severity of these disease as preventing
infection but if you prevent infection you prevent
infection-related illness, too. So, that accounts for a |ot
of us having that focus on what goes on with the infection.

Al'l right, antibody to the M2 protein is present
in low anmounts in adults, requires repeated infection that
is antigenic stinmulus for induction in mce at significant
levels, I wll show you that data in just a mnute, capable
of reducing the intensity of infection and hastening
cl earance of virus in mice. That has very clearly been
denonstrated in the nouse system It could contribute to
hast eni ng recovery and preventing conplications of
i nfluenza in humans but has not been proven given any
proven value and that is its nmjor deficiency for our major
consideration. It should be considered but there is no data
i ndicating that the M2 antibody has effect in humans and
that is a nmajor deficiency at the present tine

Now, this is data fromWlter Gerhardt's
| aboratory. Serum anti body responses, what he did was to

take the M2. Walter should be out there somewhere, took the
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M2 and expressed it on the surface of the cell and | ooked
for the anti body responses in that circunstance. First
infection in mce you can see good MP anti body responses,
m crogranms per mlliliter, very |ow Me anti body responses.

After a second infection it got up to 30, 51
here, 63 and then after a third infection it got up to what
Walter says is a good |level for being able to have a
significant effect in the nouse system

This is human data. We sent Walter acute and
conval escent sera from docunented acute febrile influenza
in healthy adults and this is what he got. You see al npst
no anti body in the acute phase whereas the MP anti body was
present in sizeable quantities. MP antibody is stil
present in both of these and 21 percent of those got a rise
to infection. Half, about half of these got a rise to Me
and a four-fold increase but only up to .56. The mgjority
of the rest of themgot a twofold rise. So, it was tweaked
in these individual s.

Now, these would be individuals say 20 plus or
mnus 2 to 3 years. So, they have already had at |east two,
three, maybe four infections with influenza A and this is
what we are |l ooking at with the baseline antibody. If you
are going to do anything with anti body in humans it is very
cl ear you have got to stinulate it to the levels in which

it would be effective. | couldn't find the nunber but
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Walter is here. He is correct ne and ny recoll ection was
that he liked it in the nouse. He |iked 20 m crograns as
his standard for good protection. If that is a standard for
humans we are a long way fromit you see with what occurs
as a result of a natural infection.

So, the task of what M2e has to do is very clear.
Now, cytotoxic |ynphocytes in humans. I|nducible CTLs are
present in all healthy persons but are reduced in the
el derly.

You see any one of you as long as you are healthy
and you are an adult it is there. it is 100 percent. It is
not even 99 percent. It is 100 percent. You have got it.

So, we were talking about this | ast week. Gossi R nerhaus
is out there. That is your starting point for thinking
about CTLs. Maybe young infants you can tal k about starting
it up you see but otherwi se that is your starting point for
this nodality.

Reported to hasten the clearance of virus in
nasal secretions of infected volunteers, | alluded to that
data a little bit ago. The manner in which that was done
was the virus shading went down in volunteers who were
chal I enged, no effect on illness if they had CILs before
the challenge. So, the correlate was there. The probl em
t hat bothered nme was that he elimnated anti body by using

H in serumand that is a pretty crude test for elimnating
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anti body but | was reassured by that nouse data | was
giving you a little bit ago that these CTLs can work at the
nasal nucosa which is where they have to work if they are
going to be of any value to humans. That |evel of value is
a totally different question, but correlate with protection
to clinical influenza in elderly and that is data that we
just recently got from Janet MEl haney and maybe there is
nore data now. The problemwith it is it is elderly and
smal | nunbers. Maybe it is bigger than that now.

So, it is a start at any rate saying they can
work. | should have said up here that | |ooked at that and
said that reduced in the elderly is not quite right because
you test the elderly. A better statenment is heterogeneous
because we will have responses in elderly individuals that
are no different fromhealthy young adults but they are
much varied. Then we will have the reduced responses. So,
it is very heterogeneous is a better way to describe it
rat her than reduced.

Now, the CM can contribute to imunity in humans
and | think that is certain now but the relative
significance of that contribution in relation to other
medi ators of immunity and the different age groups and
i nfection and vacci nation circunstances have yet to be
defined and again the deficiency of that correlate and

t hat possi bl e nedi at or.
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Now, if we go back to our general slide again
want to take up HA and NA and these very briefly because
there is where the action is right nowin humans. This is
an outline of the occurrence of these antibodies in the
nasopharynx, the md and the |ower respiratory tract. \Wat
everyone knows, IgA is the dom nant one up here. Usually we
guote that as 90 percent IgA, 10 percent IgG That is a
pretty well nmedian for it, for immunoglobulins. This is the
actual distribution of antibody to influenza A in a group
of volunteers that we did at this site and this site and
that is an actual gradient that relates to specific data.
It was about three-fourths of the IgA up here and about
one-fourth 1gG

As you go down in the lower respiratory tract 1gG
beconmes dom nant. That is considered to be the nmajor reason
for serum | gG standard vacci nes protecting agai nst
pneunoni a in severe disease. It is a perfectly reasonable
postul ate. On the other hand if you want to protect the
nasal pharynx you have got to focus on |IgA but one of the
other things to point out is that both antibodies are
present in both |ocations. Now, when you | ook at how they
relate to correlates this is a sizeable set of volunteers
but these are not independent variables. They correlate
with each other, but if you look at themindividually the

anti body type and | ocation percent infected according to



antibody titer is low, intermediate or high, with serum
neutralizing anti body the sanme thing we have been seeing.
As it increases the occurrence of infection goes down,
nasal secretion neutralizing antibody the same pattern.
Serum anti - neur am ni dase anti body the sane pattern. Nasal
secretion anti-neuram ni dase anti body, that really totally
is absent or present. If it is present at all we had no
detectable infections in that group. So, all of these are
correl ates, these antigenic variants that we have been

tal king about and all can contribute to inmmunity of

i nfluenza and the redundancy in the systemw th the

40

guestion of M2 and CTL is a little bit out there in hunmans.

It is absolutely amazing.

You see this virus can, | once said to Sir
Charles Stewart Harris, "I think this virus knows how to
think," but that virus can vary and is tricky and cl ever
but the human is also pretty tricky and clever and has a
| ot of options to fight and our task is to figure out how
to use themoptimally.

This is the conclusion on HA and NA. For maxi mal
optimal protection against influenza serum HA neutralizing
antibody is essential. Actually |I didn't present you al
the data to support that strong statenment but trust nme, it
is there. Anti-neuram nidase antibody in serumand anti-HA

and anti-NA and nasopharynx secretions are highly
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desirable. That is the redundancy and the hel p we want
wherever we can get it.

Now, this is another one of ny tweaks for this
version. W have recently started back working on
secretions having done this decades ago fairly extensively,
and we started back and one of the things to look at is
het erotypi ¢ and heterosubtypic i munity. Suzanne Epstein is
going to deal with heterosubtypic lately, but heterotypic
is a seasonal consideration. Both of these i mmune responses
were reported decades ago in humans who were infected or
had been given various vaccines. So, it is not a new
finding and the focus here that | want to awake in mce the
relation is to that immunoglobulin. In mce it correlates
with the cross-reactivity neasurable in vitro. That gives
us our rationale for |looking just at the antibodies.
Secretory IgAis clearly greater than 1gG for denonstrating
this and that is one of the foci of all of the nouse
studi es increased by adjuvants not surprising, CT in the
nouse and het erosubtypi ¢ has now been reported in nouse
systens at least for Hl, H2, H3, H5, maybe others that |
don't know about, and you can't ignore it. This is in
parent heses. It can al so be nediated by cell-nedi ated
i mmunity, but our focus here is the i munogl obul i ns and
t hose anti bodies and this is sone data we have recently

devel oped and that is cross reactivity in nasal secretions



42
for 2HLINL viruses. This is New Cal edonia '99, Taiwan '86.
Tai wan ' 86, that virus has not been around since 1991 and
then here is 1999. These are secretions froma random group
froman individual in 2002. If you look at the ratio of New
Cal edonia to Taiwan for 1gA you see the IgG They shoul d be
the sane, sane specinen and they are in the tw tests.
Nanograns of antibody .8 percent antibody 1. You see the
way to think about that if you don't deal w th nanograns
and get used to this kind of thinking is that the titer of
New Cal edonia and the titer of Taiwan were the sanme by the
IgA in that secretion, so conpletion cross reactivity
bet ween those two.

On the other hand if you | ook at the 1gG anti body
in this case the two tests had a slightly higher G here,
nanograns .3 and .2 nuch less cross reactivity for that 1gG
antibody in secretions than for that I1gA antibody in
secretions. That is not new That was denonstrated a | ong
time ago very clearly worked up in mce but that |IgA
anti body has a potential for contributing to heterotypic
immunity in seasonal influenza which is one of our
concerns. So you can sort of get a reason for partly why we
have gone back to focusing on that particular inmmune
response.

So, in summary honotypi c and heterotypic i munity

to influenza that follows infection can be potent and | ast
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for years. The degree of immunity correlates with the
magni tude of the serum anti-hemaggl utinin antibody to the
infecting virus. Antibodies to the HA and NA in serum and
secretions are proven as powerful nediators of immunity in
humans. CTLs appear capable of contributing to i munity but
a role for M imune response in human influenza has not
been descri bed.

| didn't tinme nyself but at any rate | am going
to turn the podium now over to Dr. Mirphy and we are goi ng
to do the sane subject.

Come on up Brian, and then when he gets through
it will be opened up and so you be thinking about your
comments and questions to contribute to this subject of
correlates of imunity with a focus on seasonal influenza.

Agenda Item Hunoral imune responses: Viral
targets of antibody-nediated inmunity

DR. MURPHY: Bob is correct in that we have a | ot
of overlap but | think sone of the points will be inportant
to say again. Now, this is a result froman experinenta
i nfection of humans with influenza A virus and you can see
the inmportant point of this is that the virus replicates
extrenely rapidly in humans. You get peak titers within 2
days. The consequences of that, you know the reason for
that is the single cycle growth curve is very, very short

and you can attain high titers within 24 hours after
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experimental inocul ation.

The i nmune nedi ators present at the tine of
exposure are the major players in resistance to this virus.
| mmune factors, either cellular or hunoral generated from
nmenory that require infection to be initiated, imune cells
replicated and activated make | ess significant
contributions. The other point that | want to make is that
the illness that is experienced by the host infected with
influenza virus is a function of the anobunt of virus that
is replicating in that individual.

| ndi vi dual s who have | ow | evel s of virus m ght
have m nor illnesses. Those with high |l evels of virus can
have the nore significant severe forns of influenza. The
consequences of the findings that we observed in our
chal l enge study is that the illness correlates with peak
virus titer, |low asynptomatic, higher titers high fevers
and the peak titer is achieved. So, the job of the immune
systemreally is to keep your titers less than 10 to the 3
or in that order of magnitude. Just for those interested in
l[ive virus vaccines it replicates to the titers that are
associ ated predom nantly with the asynptomatic spectrum of
this illness.

Now, for secondary infection the honotypic
imunity you can get reinfected with this virus as Bob

i ndi cated and basically the anti body previ ous experience
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decreases the | evel of replication of subsequent
i nfections.

Now, I will just, Bob went over a |ot of these
points but in 1977, we learned that there was a
tremendously |long duration of imunity to influenza A
virus's homotypic imunity. The virus needs both antigenic
shift and drift and it escapes immunity predom nantly by
changing its hemagglutinin. It has to change the
hemaggl utinin in order to be either a drift strain or a
shift strain.

In 1968, the epidemc was slightly m |l der than
the 1957 epidem c. This suggested an N2 inmmunity likely
pl ayed a role in resistance and we had very severe
epidem cs in 1957 and 1968 despite the fact that everybody
during that period of time had been infected with other
i nfluenza viruses of different subtypes. Therefore based on
this experience we think heterotypic imunity is weak. So,
what are these nediators of imunity to influenza virus? I
wi |l discuss these different factors. The protective
antigens fromaniml studies, this was a study in which
viruses were nmade in vaccinia reconbinant viruses that had
t he individual influenza A proteins expressed. W had a
control vaccinia virus. W immunized aninmals and then we
chall enged themwith a wild-type virus and | think you can

see very sinply here that the HA and the NA expressing
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vacci ni a reconbi nants provided a high | evel of protection.
These others were very weak if at all, really margina
| evel s of protection. This really indicated that our focus
shoul d be on HA and NA. So, a summary of sone of the
observations we have to date were that antibodies to HA
whi ch can prevent infection as well as prevent penetration
are maj or players.

Anti bodies to NA we thought based on the 1957 and
1968 conparison are noderate players and the ani nal studies
were noderate players and this prevents release of virus in
infected cells and also likely prevents the penetration of
the virus through the nucosal barrier.

We think the other two N2 anti bodi es and cell -
nmedi ate immunities play a very small role in resistance,
not to recovery frominfection but resistance to
rei nfection.

Now, | will provide sonme data on the role of
t hese anti bodies and what is the evidence that the HA is
actual ly having an effect, that the NA is having an effect,
but this is just to nake the point of we all know that this
is data fromrespiratory syncytial virus because | am
presenting this here because of its conpleteness. This is a
study in which passive anti body post-infection serum was
given to aninmals and they achieved different |evels of

neutralizing antibody in the animals and then the magnitude
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of replication was neasured in the lungs and the nasal
turbinates. The major point | wanted to nmake and this just
supports Bob's previous information that serum anti body at
titers of around one to two hundred, one to four hundred
here conpletely prevented replication of this virus.
Simlar data exists for influenza A not as conplete as
this.

In contrast the sanme |evels of the anti body only
reduced the titers in the upper respiratory tract about 10-
t 0- 100-f ol d.

So, there is also evidence for serum anti bodies
and inmunity to influenza in humans and the nicest
experinments of nature are the maternal antibodies and if
you have a high titer maternal antibody the infant wll
devel op influenza later. That suggests that influenza
antibodies to the HA are correlating wth infection. | am
going to focusing nostly on these chal | enge experinents
that were done, and | amgoing to be first tal ki ng about
anti-NA anti bodi es.

W did a study back in around 1970 in which
vol unteers were challenged with a wild-type H3N2 virus but
because these were adults, they all had been alive to the
H2N2 they had varying | evels of serum antibody to the
neuram ni dase and it was very clear that individuals who

had high titers of or titers of greater than 1 to 4; this
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is neasured by an NI assay; a |lot of these illnesses, 60
percent of these individuals did not develop illness. In
contrast the ones with | ow anti-neuram ni dase anti body
devel oped illness. Inportantly none of these individuals
had anti body to the H3. They were selected to be
seronegative, never had been infected with the Hong Kong
flu.

When you |l ook at this again break it down a
little further into individuals who were not ill, had
afebrile illness or febrile illness I think you can see
that those with the febrile illness, with the lowtiters of
anti - neuram ni dase anti body had high titers of virus
replication. In contrast the not ill group had high titers
of anti-neuram ni dase anti body and very lowtiters of
Vi rus.

However, they all were infected. In a second
study that we did this was done around 1980, this is a
huge study where we actually gave wild-type virus to 163
vol unteers and then we | ooked at, this is a study Mary Lou
Clenments and | did and it summarized around 3 or 4 years
worth of work but what we did was we did a quantitative
neasur enent of the amount of virus that each of the
i ndi vidual, each of the 163 individuals had in their upper
respiratory tract and we | ooked at what i mrunol ogi cal

factors correlated with this virus i ndex score, and we
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nmeasured antibody to the HA with an ELI SA, neasured |gG
anti body. We | ooked at nasal wash anti body. W are just
tal king now about NA. We did not have a nasal wash test for
neur am ni dase. So, we only | ooked at serum and we were able
to because of the large nunbers and the |arge data set, we
were able to say that this particular factor in this
| ocati on here independently contributed to a reduction of
replication of the challenge virus. Wien we did that it was
very clear once again you could see a role of NA anti body
in the serumand | have no doubt if we had the test we
woul d have been able to denpbnstrate the sane thing for the
nasal wash. We will revisit this slide and tal k about the
HA shortly.

So, the conclusion on the role of the NA
antibodies is that they are clearly associated with
resi stance. They prevent disease but not infection and you
will see this differs fromHA which can prevent infections.
They have a noderate strength and they prevent di sease by
restricting replication. They affect both the magnitude and
t he duration.

| didn't show you the duration but it is also
affected and again it is the antibody in the serumthat is
clearly identified with resistance but presumably nucosal
antibodies will nediate that as well.

Now, we will go to the HA anti bodies and we w ||
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| ook at the contribution of serum and nucosal HA anti bodies
to resistance. First we will | ook at some evidence that
suggests that nasal wash IgA antibodies are nedi ators of
resistance, in this case resistance, they prevent infection
and so we had a group of individuals. In this case these
i ndi viduals were challenged with an Al aska col d- adapt ed
virus. This was back probably around 1979, and we sel ected
vol unteers to have no anti body or very |low antibody to the
HA al t hough you have it here. This is ELISA anti body and
these titers are the HAl titers would be | ess than one to
ei ght in these groups.

W had a group of individuals who were not
i nfected, okay, with this vaccine. W had a group that were
i nfected. Those who were not infected had higher titers of
nasal wash | gA anti body, again associating this specific
factor and they were conparable in terns of their serum
anti bodies to the HA

Here is another. If you do enough trials you can
get data that will support any point that you want to nake.
So, this is very easy. | just had to try to renenber one or
two trials that would make an individual point. W gave
vacci nees an H3N2 10 percent to the virus and we chal | enged
themwith a wild-type virus and our control individuals al
becanme, they all shed virus. Six out of seven becane ill

with febrile illness, good chall enge virus.
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W had one group of volunteers who just had
neutralizing anti body which neasures antibody to the
hemaggl uti nin who had anti-neutralizing anti body nasal wash
but they had no anti-antibody to the neuram ni dase and
al nrost no antibody in the serunms in the HA. So, we could
| ook at antibody in the nasal wash to the hemaggl utinin as
an i ndependent contributor and I think you can see that
these individuals were conpletely protected agai nst
replication of the virus and illness and three of the
i ndi vidual s were conpletely protected frominfection, and
in the sane study where we did the | arge nunber of
i ndi viduals we were able to denonstrate presence of
protection nedi ated by the HA serum anti body correl ated
i ndependently with protection, restriction of replication
and then antibody to the HA in the nasal wash we had
evi dence suggesting that IgA as well as 1gG could
i ndependent |y nedi ate resi stance.

So, the conclusions on the role of HA anti bodies
are that they are clearly associated with resistance. They
prevent both di sease and infection. They are the strongest
ant i body because they are able to do both. They prevent
di sease by restricting replication of virus and they affect
t he magni tude and duration of virus replication and you
have serum and mucosal anti bodi es i ndependently contribute

to resistance.
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So, | have developed a little index. It is called
the relative strength of the inmune-nedi ators index and as
we tal ked nostly about these antibodies | have devel oped a
little scoring system This has not been validated for use
by the FDA. | want everybody to know. This is the immne
strength scoring index. It is in dunbbell units, okay, and
the point here is that serum anti bodi es which are
predom nantly | gG have a very high strength. This is a five
dunbbel | score for this particular imune-nediator. In the
mucosal site the I1gA antibodies are major nediators. Both
of these antibodies can prevent disease in the nmgjority of
the individuals associated with it.

Anti-NA anti bodi es, they get a noderate score.

Al'l other anti-M2 CD8 T cells which have to react which are
as Bob said the M2 anti bodies are present in very |ow
guantities. CD8 and CD4 T cells have to be generated from
menory and have a very small contribution to the peak titer
of virus that is achieved. So, we think that they make a

m nor contri bution.

Now, immunity then really is the sumof one, two,
three and four. There is no single correlate or surrogate
of immunity. | nmean if a vaccinee has very high titers of
serum 1 gG anti body to the HA they will nost |ikely be
i mune, the same thing with nasal wash antibody but really

it isthe sumand it is very difficult to develop a single
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test that can determ ne what the sumis

| just want to show you a clinical trial that we
did that addressed the question of heterosubtypic inmunity.
As | said, if you do enough of these you can have data that
supports any point that you want to nake. W tested, we did
studies in children with |ive attenuated virus vacci nes.
These are two different types of vaccines but that is not
i mportant. They both were attenuated virus vacci nes and we
gave themto children who had different qualities of
i munity.

We had individuals who have HAl anti body to HIN1
These are kids who got H3N2. So, these were children who
had been previously infected within the past season with an
HIN1 wi | d-type virus and then we had sone individuals who
failed to have antibody to this and we had relatively |arge
nunbers of these subjects and there is alnost no difference
what soever in the paranmeters of infection in these
individuals and | think this indicates very nicely that
het erosubtypic inmunity therefore that inmunity that is
i nduced by one subtype agai nst anot her subtype is weak. |If
this was a honotypic situation they would be conpletely
pr ot ect ed.

We have the sanme type of information within an
HIN1 vaccine but in any case the imunity, the

het er osubtypi c i nmunity, that should be heterosubtypic
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immunity was nmediated by a live virus vaccine, an H3N2
vacci ne. Actually sone of these vaccinees and | think you
can see again that the pattern of infection was identica
in this case.

So, this is imunity induced by wild-type or
heterosubtypic inmunity just by wild type or by live virus
vacci ne. Agai nst a weakened virus you can't see a
significant difference. So, this is the reason when | say
that | think heterosubtypic imunity is weak it is based on
observations |ike this.

Now, that is all | have to say. | just wanted to
indicate that NTAID is having a clinical tenure track
program |f anybody has scientists who are interested in
that tenure track programcontact Carol Baron. Sorry to
take a couple of mnutes but | amrequired to do this --.

(Laughter.)

DR. MJRPHY: -- under the threat of being shot.
NIAID is beginning to play hard ball nowadays.

DR. COUCH. Thank you, Brian. According to ny
schedul e we have got at least 20 mnutes and it may not be
appropriate with the canera but it sure would be nice
otherwise if we had the lights on so that we can have the
whol e audi ence out there and | amgoing to threaten you
again that this is nowto be a cooment, not just to stand

up and ask us questions, but this is an open subject now
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on correlates and immunity but the focus is seasonal
i nfluenza. W did not focus on vaccines but they are not
excluded for coments on this, and | know that there are a
| ot of people out there who have information and Harry
Greenberg has got his hand up. Please just stand up and
wal k to one of the mcrophones if you will. They want to be
sure it gets recorded, Harry, and the others of you go
ahead and thi nk about your comment and your addition here
and stand up and go to one of those m crophones. O herw se
| will have to call on you

PARTI CI PANT: This is a question nore than a
comment, but | was intrigued by your data on heterotypic
immunity being greater with 1gA than 1gG and | am j ust
wonderi ng about the basis for that, and does anybody have
any data on the question | amasking which is basically in
a nasal wash are there nore nolecules that are directed at
different variants or are there nore single nol ecul es that
react with different variants; in other words if the basis
of heterotypic immunity that you could neutralize many
different strains of an H3 because you have very honotypic
anti bodi es but you have a lot of different ones that react
with different isolates or do you have anti bodi es that
actually are nore floppy and can neutralize the whol e
bunch? Does anybody have any data on that question?

DR. COUCH If you know the precise answer to
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Harry's question please stand up. In reading the articles
on this and the proposed expl anations the authors who have
witten on the subject biologically at any rate don't
answer the question that you just raised.

On the other hand if you take nobuse data from a
single infection and then you | ook at that antibody, which
| gA agai nst a nunber of variants then that should have been
one source originally and yet it is cross reactive. So, it
must be the sanme anti body that is capable of cross
reacting. | have assuned that with regard to the I gA but
exactly what the nmechanismis and why it does it better
than 1gG you are specul ati ng unl ess we have an answer,
hopeful | y.

PARTI Cl PANT: No, | don't have an answer. On one
of the tables that Brian showed he showed | gA slash | gM
and | was wondering if there is any specific information
about 1gM since you mght expect a |lower avidity antibody
response. |s that perhaps what cross reactive in a way, is
there any specific evidence about |1gMresponses that m ght
contribute to that effect?

DR, COUCH. But the IgM does cross react as well.
s that right?

PARTI CI PANT: | amjust alluding to | amthinking
of Brian's table where he showed that |IgA slash | gM

responses correlate with protection.
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DR. MJRPHY: | was just tal king about the sum of
the anti bodies and we did not |ook at it as isolated both
| gA and |1 gM but we used anti bodi es that woul d detect both
| gA and 1 gM anti-FAB reagents but 1gMas you know |ike |gA
is secreted by the secretory i mune system and goes up a
concentration gradi ent and achi eves higher titers in the
nasal wash than it does in the serum

DR. COUCH It may have some benefit in those
first infections, too. Kanta?

PARTI CI PANT: | do have a couple of questions. Do
you know how | ong nasal secretion antibodies |ast?

DR COUCH That is the weakness of nasal
secretion antibody is duration. No, it doesn't |last as |ong
as 1gG | had another slide | didn't use here that shows
that you see that that ratio of Ato G goes down
proportionately with tinme afterwards. W | earned that back
in the rhinovirus studies and it is not surprising that you
can al so denonstrate it with I gA whereas the 1gGis nuch
nor e durabl e but when you think about it the majority of
that 1gGor Brian may think all of it; our data doesn't say
all of it is derived fromserum which has nmuch greater
durability.

Now, when you tal k about |gA though don't knock
it too quickly you see because that antibody in serum you

know has got a 28-day half |life. That antibody up there in
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secretions in a matter of mnutes you know, 15 or 20
mnutes so there is a |lot of IgA antibody bei ng generated
and the nouse studies say that there is a lot of I1gA cells
capabl e of producing that are lining that nmucosa in a hurry
so that actually | think the way to think about it is the
way | did with rhinoviruses years ago. Qur problemis how
to get it up there and keep it up there for that duration
and we don't have a solution to that yet but duration is
not as good, but good.

DR. MJURPHY: | think there is sone data. Phi
Johnson did a study where he challenged live virus
vacci nees a year later with a second dose of vaccine and
was able to denonstrate, Peter did that, was able to
denonstrate | gA nedi ated protection after a year. In adults
Mary Lou and | did a | ot of studies where we tinmed
challenges 1 nonth or 6 nonths and we definitely saw
reductions in IgA you know of the protection over a 5-nonth
period. It wanes and it goes away but it can persist for a
long tine but not as frequently as, it does not stay up
i ke the serum anti bodi es do.

PARTI Cl PANT: | was, also, intrigued by the data
that you had of people that had nasal secretion anti body
but not serum anti body. How often do you see that
di sconnect and why do you think it happens?

DR. MJRPHY: Most of the tine you see both. |
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don't know why it happens okay? | think what you have is an
infection that is largely restricted to the upper
respiratory tract. It is a weaker infection. The |evel of
virus is 10 to the 3 rather than 10 to the 6, 10 to the 7.
So, | think you really are stinulating predonmi nantly the
| ocal inmmune systemin subsets of individuals but generally
we see in pediatric individuals both serum and nasal wash
antibodies rising in concert. As | say if you do enough of
t hese things you see situations where you get dissociation.

DR. COUCH; If you hyperinmuni ze that nose you are
going to find a ot of IgA that stands there a |onger tine
and those vol unteer chall enges you know are right there
into the nose. Fazacos told us that in mce several decades
ago with his hyperimmunizati on.

Walter, find a m crophone.

VWal ter, please comment? Walter GCerhard.

DR. CERHARD: You pointed out that the indication
such as toxic T cells if they have to have an effect on the
resol ution of the virus infection they have to be at the
site of the infection. It is probably true in general
al t hough they could also act if they are a little bit away
fromthat through cytokine secretion. However, this is
obvi ously, absolutely has to be the case if you | ook at
serum anti bodi es. Serum anti bodies only can be effective as

much as they translate into the respiratory tract
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secretions. So, only the local antibodies that derive from
serumare effective and in that context | would like to
poi nt out a nunber of studies have been done by transfer of
anti bodi es and what these studies showed and | see primte
type experinments al so, what they showed is that passive
anti bodi es can be highly effective in terns of protecting
the lung, the lower respiratory tract. They becone |ess
protective if you |l ook at the trachea and they becone | east
protective if you | ook at that nasal epitheliumand that
has been related actually to the rate of transfer in
relation to these sites. So, | think that should be kept in
mnd if you correlate serum anti bodi es with protection.

DR. COUCH: Again, Walter has enunciated the
slides in the upper and the | ower of those imunogl obulins
where that 1gGis at maxi mal concentrations and that has to
be kept in mnd for sure.

Pl ease tell us who you are before you speak. You
see | am nam ng sone of the others.

DR MLLER Mark MIler fromNH Could you nake
a comment about the assays used in these studies whether or
not they were hemaggl utinin inhibition assays versus ELI SA
neutralization and the variability between them was ny
first question, and the second one is natural protection is
related to age groups which is also related to prior

exposure fromthe first exposed viral type or the age
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cohort and there was sone nmention about the heterogenous
response for CTLs but you didn't really conment very nuch
about the antibody responses and I amnot sure if any of
the studies that you were conmenting on were ever powered
to actually | ook at the various different ages and to take
into account the decreased i nmune response.

DR, COUCH  Actually if I remenber all of them
assays if you will permt nme | would have to say quickly I
know there is an assay section. So, | amnot sure that it
is appropriate for us to be dealing a lot with assays but
H assays people may do their own variety. That is fine.

O herwise they are all exactly the same, done with the CDC
criteria wth exactly the sane net hodol ogy.

Now, your red cells may be a little different
source and your antigens nay be one grown in house but
otherwi se they are exactly the sane.

Nunbers don't necessarily conpare. John Wod is
going to tell us about that a little bit later.
Neutralizing anti body assays, there are a lot of different
neutralizing anti body assays. In fact, we have changed over
a period of tinme in doing ours in three different ways. You
can't tal k about the advantages or disadvantages of each of
t hose very quickly here.

Most everybody does an enzyne i nmunoassay nuch

t he sane al though Brian does a kinetic assay. So, what | am
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really saying you know there are a |l ot of differences in
assays and if you want to try to standardi ze and conpare
assays that is a subject in itself. That is alnost for
later. So, | don't think that this would be the tinme to
deal with that. If you want to ask me about the ones |
tal ked about | will be glad to talk to you about it |ater.

Brian, do you want to conment on that?

DR. MJURPHY: | would just nake one conment. Wen
you are | ooking at an enzynme, an ELI SA assay to the HA the
titers that you get in that assay correlate perfectly with
ei ther neutralization antibody or by HAI. It is alnost a
straight line function so that you know you are measuring
the sane group of antibodies. So, | think that those tests
in that way have been validated to show that they are
nmeasuri ng the sane thing.

DR. COUCH W didn't deal wth different age
groups on responses as | nade the comment of CTLs but you
can nmake the same comment with regard to antibody. It is
het er ogeneous in the elderly age group. Sone respond well.
O hers do not as opposed to al nost uniformresponses in the
younger heal t hy i ndividual s.

| have forgotten your |ast question. So, if you
will permt ne, let us nove on to sonebody el se anyway.

DR BELSHE: Hi, Bob Belshe fromSt. Louis. |

wanted to relate the experience that the vaccine centers
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had during the pivotal field trial that we conducted with
the live vacci ne because one of the things, one of the
opportunities we had during that field trial was to | ook at
HIN1 i mmunity because HIN1 had not occurred in several
years including the field trial years, and so, when we
conducted that trial at the end of it we didn't have any
protection data on HLNL. So, we asked the children to give
us a nasal wash and a bl ood and then challenged themw th
nmonoval ent HLN1 vaccine strains and were able to devel op
some correlates of inmune protection in these young

chil dren who had not previous experience with virus at al
or had only HIN1 vaccine virus, and so when we | ooked at
the correlation between serum anti bodies and secretory

| gAs we were surprised that these were independent, that
there were sonme children who had secretory IgA and if they
had any secretory IgA they were absolutely protected

agai nst chal l enge. The sane was true for serum | gG
antibodies. |If they had any serumlgGto Hl they had
absol utely no sheddi ng of vaccine virus on chall enge and

t hese were conpl etely independent.

W were, also, surprised that there was a snal
subset of children who had received vacci ne but had neither
| gA nor 1gG detected. So, we went back and | ooked at that
subset of serumusing mcroneuts and there were only six

such children and four of those six children in fact had
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m croneut antibody to HA which sort of reflects what you
said. It is a slightly nore sensitive assay, and so | think
in this population we gained a |ot of information about
what is inportant and | think it is reflected in Brian's
dunmbbel I s. You have to add up all these things and if you
have any one of themyou are substantially protected if it
is anti body directed agai nst that exact henaggl utinin.

DR. COUCH: Thank you, Bob.

Peter, is this somewhat along the sane |ines?

PARTI Cl PANT: No, | thought I woul d change the
subj ect because | think we have not exhausted but perhaps
pl unbed the avail abl e evi dence on this.

| just would be very interested in at sonme point
during the neeting having sonme di scussion of the role of
innate i mMmunity, cytokines, antigen induction. These are
things that do occur early on and may i nfluence both the
synpt omat ol ogy and the recovery from di sease and | think
sonehow in this field we are not focusing as nuch on those
as we mght and they maybe deserve a dunbbell or naybe even
t wo.

(Laughter.)

DR. COUCH. No di sagreenent, Peter, but you wll
have to concede that is a new subject and maybe a little
tough for our discussion here.

Dr. Wod?
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DR. WOOD: | was intrigued by a conment that you
made, Dr. Couch that there was no titer that you thought
that correlated with protection and | wondered if you neant
that in the context of the individual, if you tried to
predi ct protection for an individual or if you are | ooking
at it nore on a popul ation basis because as we try to give
gui dance when we are | ooking at eval uation of vaccine
candi dates then to have a sort of a seroprotective |evel
that we achieve in a population is potentially hel pful and
| just wonder is that sonething that we can try to achieve
or it is just not doabl e.

DR. COUCH Criteria is always desired by
regul atory authorities for sure | just reiterate |I think
Francis was right. You know you can't pick a titer that
woul d guarantee inmunity. There is no question about that.
| think everybody in this audience will agree with that.

So, when you pick a titer like one to forty that
has got an established background of understanding. It
doesn't guarantee immunity and some people call it
seroprotective. | dislike the termbut at any rate it is
the gradient and the profile that is inportant and the
hi gher that profile goes toward the other end the better
of f your population is going to be.

You can pick any nunmber. It could be 20. It could

be 80. These tests differ. John is going to tell us, but
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they still give you guidelines. The nore people who are
above that the better off you are going to be. | have
trouble with sonetinmes using that as an absol ute guideline
but you know I am a biologist not a regulatory authority.

Arnol d Monto?

DR. MONTQO Just a further comment about the sane
subject and first of all | just wanted to thank you, Bob
for bringing up Tormy Francis' coment which | was actually
not aware of back from 1941, about the difficulty in
i ndi vi dual protection versus popul ation protection. | think
that is a key issue, and we are just now anal yzing the data
fromour study of inactivated |ive attenuated vacci ne and
pl acebo and we are finding that nearly everybody to the
circulating virus of let say H3N2 has anti body in the
i nacti vated vaccine group to both the circul ating anti body
and to the vaccine that was in the virus, and it was a
drifted year. However, we do find failures in spite of
havi ng seroprotection and nore than seroprotection by the
EMEA criteria where you know above one to forth, this is
even above one to sixty-four titers, and therefore there
are ot her conponents involved in failure of the vaccine in
t hese individuals even though it is a protective vaccine
t hat 70-odd percent of the population is protected and you
have to go back to the studies on these |evels and renenber

that these are 50 percent endpoints. These are not absol ute
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endpoints. That is one factor, but you also have to realize
that there are other conponents involved in protection.

Now, if you look at the live attenuated group
only about 20-odd percent of individuals who received the
vaccine got H titers. In spite of that there is protection
but in those that failed none of them had anti body to the
circulating virus.

So, it is an intriguing difference between the
di fferent vaccines and just enphasizes the point that there
are many ot her aspects and we are working with a nunber of
people in the roomon trying to |l ook at what is going on
this situation.

DR. COUCH: Thank you, Arnol d? Kanta?

PARTI Cl PANT: Do you think we need to | ook at the
gquality of the antibody differently in the nasal secretions
as well as the serunf

DR, COUCH. Al of us would say, "You don't ne.
You have the answer to that yourself.” The nore data you
can get about your antibody the better off you are, and we
don't ordinarily do avidity or even on the single antibody
binding affinity. There is on question that | think that
woul d hel p our understandi ng, not routinely done though. I
don't know data but it ought to be better. The higher the
avidity the better the anti body.

Janet, tell us about the CTLs and the status.
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DR. MC ELHANEY: | think one of the inportant
poi nts that you brought up, Bob is this whole thing about
het erogeneity of the response and now we have got nultiple
different things that can contribute to what we are
nmeasuring in terns of CILs, but | think that the other
inportant part of this is why we haven't found anti body
titers to be particularly hel pful and this popul ation
actually gets to Kanta's point because | think that this
whol e thing around avidity whether you are talking about
nasal nucosa or serum antibodies is going to be really
inmportant in terns of an age-rel ated change an when you
have to go into popul ations and | ook at what predicts
protection | think the point that | have to nake is we have
to be very careful about defining which subset of ol der we
are actually looking at. W can't conbine data from healthy
people in the comunity to those in the nursing hone and
put it all into one bag and say that this is our correlate
of protection. These are going to have to be individually
studied. So, | think that is the point that | would like to
make.

DR. COUCH That is very well said. W have said
t hat for decades that children are not the sanme as adults
but certainly adults are not the sanme as the elderly. That
needs to be kept in m nd.

DR. BRACI ALE: Tom Br aci al e. | wonder if both of
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you woul d comment on the concept of sterilizing immunity
after natural infection or vaccination in the honotypic
circunstances or in heterotypic circunstances particularly
as a function after time of previous exposure to influenza
whet her t hrough vaccination or through infection?

DR. MURPHY: Bob denonstrated data show ng the
fact that you do get sterilizing inmnity follow ng natura
infection or follow ng challenge of individuals. There is a
ti me dependence on this in terns of the antibodies in serum
and the peak of this would be around 24, | nmean woul d be
around 28 to 1 nonth to 2 nonths. That is when you see nost
of your sterilizing immunity. After that it goes down after
6 nonths to a lower level. You have declines in both serum
anti body that occur from1l nonth to 6 nonths and you have
declines in nasal wash imunity over that same period of
tine.

Now, effector cells, so those will come into play
and when Bob tal ks about spectrumyou al ways have a
spectrum of responses. You just shift the spectrum down
all the tinme but | don't think it is anything other than
that. So, you have sterilizing immunity. It is |ess
per cent age of your population will have sterilizing
inmmunity as tinme goes by.

PARTI Cl PANT: How do you define sterilizing

i mmunity?
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DR. MURPHY: No evi dence of infection.

DR. COUCH That is a termthat came out of the
H V program

DR. MURPHY: No evidence of infection as defined
by sheddi ng of virus or the devel opnent of imunol ogi cal
response. It is not a sinple thing. It is very difficult to
rul e out the presence of an infection in an individual.

DR .COUCH. W are getting into the coffee hour,
and the things that we have been tal king about and the
guestions and assays and what have you, they are all going
to come up again in these sessions.

Actually don't go away. | was going to recognize
the | ast person before we go but to tell you that he is the
| ast one, and then we are going to take a break and you can
store your questions and things for |ater and for the
panel . Go ahead, please?

PARTI Cl PANT: For the coffee break to junp start
t he CTL di scussi on.

DR. COUCH. Make is a short question.

PARTI Cl PANT: Actually it is nore of a comment.
So, we saw that evidence for heterosubtypic imunity in
humans is weak but you brought up the point that the T
cells need to be at the site where the infection is
occurring in order to function properly. W, also know from

our nouse data and have been led or msled by themthat
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after a primary infection the nunber of specific T cells
drop over tinme and that after about 6 nonths they |ose that
het er osubt ypi ¢ i nmunity.

So, the question is in hunmans is the sane thing
happeni ng; are we not looking in the right place when we
| ook in the blood and you see frequencies of CTL but they
are not in the right place and you really need to get them
in the lung and the question is why aren't they staying in
the lung; why aren't they being maintained and is that the
key to this heterosubtypic i mune question?

DR. COUCH | don't answer your question. | mean
understand the sanme as you. How do you get themthere and
keep themhere? It is alittle bit the sanme thinking | had
that I put into IgA antibody. How do you get it there and
keep it there in the right place to work when the exposure
occurs, and it is only out of nouse nodels that we are
going to be able to I would assune get specific guidelines
as to how to best do that.

Do you want to comment here? Al right, at any
rate good audi ence. Thank you and continue your discussions
and bring them back here for after the break.

(Brief recess.)

DR. COUCH: Wl come back. We are continuing the
di scussion now wi th Tom Jefferson fromthe Cochrane

Col | aboration who will be speaking on an evi dence-based
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review of the criteria for regulatory assessnent of
seasonal influenza vacci nes.
Agenda Item An evidence-based review of the

criteria for regulatory assessnent of seasonal influenza

vacci nes

DR. JEFFERSON:. Good evening. | say, "Good
eveni ng" because it is evening for nme. | would like to
thank the organi zers for inviting nme. I would like to thank

David Wod for telling me what | have to say and | would
like to thank specifically Vallie Rodriguez for her
patience in organizing all ny travel and patience with
strange things like Dunn's nunbers. She told ne | needed a
Dunn's nunber. | asked ny statistician, "Wiat is a Dunn's
nunber ?" and he said, "Never heard of it. It has got
something to do with Shafer's test probably. Anyway | know
about a Dunn's nunber.

What | was asked to present this afternoon, this
norni ng, this night, tonight, tonorrow night, whatever it
is is the evidence which we have of the validity of the NRA
criteria for the assessnment of influenza vaccines.

| was given the brief on seasonal influence of
vacci nes. However, | have a confession to make. The | ast
slide is on pandem c vacci nes.

This is a protocol violation which has been

agreed with the organizers. So, | think we are let off.
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So, what we thought is first of all we thought |et us |ook
at what evidence there is that the NRA criteria make sense.
The second question we asked is what does the evidence show
and third because this is a workshop what can we do to
i nprove the situation and the situation always needs
inproving in research. If you read the Cochrane Library 95
percent of Cochrane reviews end up with "W need nore
studies.”

So, everybody is used to that. The nedia fal
asl eep when you say that you need nore studies but | think
in this case as you heard already fromthe previous
speakers we do need nore studies and we will go into that

in a mnute.

Now, | am a person doctor. | amnot a nobuse
doctor either. | amnot a ferret doctor and | amnot a
| aboratory doctor. | ama practical doctor.

What | would like to knowis if | shoot people
full of influenza vaccines, in this case seasonal influenza
vaccines and | assign half of the population or half of the
sanple which is conparable to placebo or do nothing or a
control intervention do | actually witness a change or is
there a difference in inpact of a vaccine and what is this
di fference? Are the harns worse than the benefits or are
the benefits better than the harnms and what are the

benefits | see? These are the questions we ask.
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| think these are practical questions for people
who are thinking about enbarking in research or are already
enbarked in research in pandem c vaccines and indeed in
seasonal influenza vaccines. W want to know that vacci nes,
t hese influenza vacci nes actually prevent a certain nunber
of conditions. So, we |ooked at our database and we | ooked
at our study register. W |ooked evidently principally we
| ooked at random zed controlled trials because we are
| ooking at this with the perspective of registration of
pot enti al pandem c vacci nes.

When we | ooked at those trials in which
serol ogi cal outconmes and clinical outcomes were eval uated
prospectively on the sane popul ati on of course you | ooked
at that, you say. Well, all trials |look at the sane
popul ation. That is not so, unfortunately.

We started off with all conparative studies of
vacci nes agai nst, conparative studi es against naturally
acquired influenza. O influenza vacci nes the nunber in our
dat abase i s 338.

Now, | think the earliest trial dates fromthe
forties and the nost recent, sorry not trial, study, dates
fromthe beginning of 2007, because we haven't updated this
searches. W do that once a year

Then we noved on. O these 338 we took 281 which

conpared the effects of seasonal influenza vaccines with
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pl acebo or do nothing. There are 281 of those still with
registration in mnd. Then we | ooked at studies of which of
t hese 136 were studi es which | ooked at the serology and the
effectiveness in the sane popul ation, 136 of these but only
59 in 50 publications were random zed controlled trials.
Only four of these were random zed controlled trials at | ow
risk of bias. Wiat does that nmean? It neans that these
were trials that can actually tell ne sonething. | could
read them | could understand and they were likely not to
have any interpretation problens.

So, we end up with four. "My God," you say, "Qut

of 330-sonet hing-or-other only four."” Yes, and the nost
amazi ng thing about these four trials is that they tell us
sonet hing that we have already heard. They tell us
somet hing that Tomry Francis nmouthed in 1941-42.

Let us take it one by one. W start off. W have
the first one fromHolland 1967-68, 374 school - age
chil dren. However, the one problemw th this trial was a
foll owup problem In our classification which has been
publ i shed and rehearsed and has been validated high risk of
bias or low risk of bias neans a nunber of itens which is
unsati sfactory. In this case the one unsatisfactory item
al though it was a high-quality trial was the foll ow up. So,

we end up with three.

So, we are now back to three. Wll, the one trial
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on 697 asthmatic children aged 6 to 18 over two seasons
carried out in this country and then we have 793 chil dren
age 6 to 24 nonths in 1999 or 2000, sorry. The asthmatic
trial was carried out in the Netherlands whereas the
healthy children trial was carried out in this country and
then 55 people with chronic bronchitis from 1960-61. So, a
little bit of history and archeol ogy there; however, the
vaccine that they considered in this trial was a bival ent
whol e variant which | understand is no | onger made alt hough
whol e variant | understand from David Wod is nade at | east
by one manufacturer in Eastern Europe in the eastern part
of the European Uni on.

So, we |l ook at these two trials that we are left
wi th contenporary vacci nes and we have one trial on
asthmatic children which runs over two seasons in Holland
and whi ch shows the usual curves of antibodies that you
woul d expect. The serol ogy you woul d expect reaches
protective levels but the trial reports that the vaccine
was i neffective,.

Seven hundred and ninety-three children though in
this country, they also had, the intervention arm al so had
sonme serol ogi cal responses which you woul d consi der
protective and in one season they were protective. In the
ot her season there was no viral circulation. In both

seasons they were not protective against otitis nedia.
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So, what do | nake of all this? Throw away the
baby with the bath water? Wait. W nust nmake this judgnent
but this judgnment is made on two random zed controll ed
trials on children. One is the trial on asthmatics. The
other one is the trial on children around the Pittsburgh
area. There is substantial uncertainty about this but we
have already heard this. However, what this shows is that
there is an absolute requirenent for good quality
random zed controlled trials conparing the effects of
vacci nes present, past, future with placebo or do nothing
but preferably with placebo which have a serol ogy and
ef fectiveness outcone and we can design sonme of these
prospectively.

| understand fromthe WHO web site that there are
over 300 trials, prospective trials registered on this web
site. Let us hope that these are good fromthe point of
vi ew of design and nost of all the point of view of
reporting.

So, we have got sone work to do but then
understand this is what the point of the workshop is. W
have sone work to do. Let us get our brains together and
| et us design sone of these studies, and nost of all |et us
just take a little bit of time to think about reporting.

You know what | do for the Cochrane Col | aboration

is a hobby. I work in the evening. So, to ne it is very
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hard when | work at nighttine. It is very hard to
understand trials, which have got bits or studies which
have got bits m ssing, which have got half the popul ation
m ssing at the end of the study. It is very, very hard for
nme to understand what goes on and ny col | eagues as well and
they are not nother tongue. So, let us just invest alittle
bit of nore tinme and brain power designing some of these
studi es that can give us the answers.

Li ke Tomy Francis was sayi hg naybe one plus two
plus three makes five. So, let us be careful. Yes, there
are sonme determi nants. There are pretty strong pointers as
to the effectiveness of these vaccines fromliterature but
there is sonething el se. There are sone ot her conditions.
So, let us design sone studies. W have still got tinme. Let
us design sonme studies which can give answers, nore
attention to reporting. On ny knees this is a plea because
| am a reader, okay? In real life |I do sonething conpletely
differently. | read what you lot publish, and it is a plea,
pl ease don't send ne to bed with a headache because sone of
t hese do, not all of them sone of them

There nust be nore accountability. W cannot have
a lack of transparency in publicly funded trials, Tommy
Francis again. If you take the public's shilling, if you
take the public' noney you are responsi bl e and accountabl e

to the public.
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So, you see there have got half Italian and half
Brit, and quote Tommy Francis the whole tine. It says
sonet hi ng about giants.

Al so, we need sone net hodol ogical research into
evi dence-based criteria of study quality and reporting.

What | amgiving you today is a cartoon version of what
there is.

As | was saying to Bob before we have got no
money but if we were in the United States we woul d probably
have si x or seven PhD students doi ng nmet hodol ogi cal
research on our vaccine register and all our data
extraction sheets. There are determ nants of quality and
determ nants of understandi ng of conprehension and data
interpretation of sonme of the trials and sone of the
studi es that we have which are crucial and could illum nate
future studies, future trials, future conparative studies.

It is so inportant that we invest in
met hodol ogi cal research but we know al nost not hi ng about
this.

Ckay, this is the last slide you will be glad to
hear and this is the protocol violation. What is this?
These are two nmeta anal ytical screens, okay? They are known
as Forrest(?) plots. Now, do you want ne to describe them
or are you all famliar wth then? Do you know what al

this garbage neans, all these squiggles and all these
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strange things mean? Do you want ne to describe thenf

Ckay, fair enough. Here are the outcones,
influenza-like illness and influenza. These are pandem c
trials. What? Yes, pandemc trials from 1968-69, the | ast
pandem c. By the way | am survivor of the |ast pandem c not
that | was aware of it but I ama survivor.

Ckay, on the left, so you can ask ne anything you
want really. | know all about it.

(Laughter.)

DR. JEFFERSON. On the left are the subanal yses.
You can see we have got vacci nes matchi ng and vacci nes not
mat chi ng and we have got four data sets fromthree, | beg
your pardon from four studies on here and they are
conparing what was in effect a pandem c vacci ne versus
pl acebo do nothing in sone very interesting circunstances.
The Morgapgap(?) studies have been carried out in boot
canps in mlitary training canps, so just the kind of
situation that you would | ook at in a pandem c, and what we
have here are the estinmates of effect with vaccines
mat chi ng and vacci nes not matching the pandem ¢ virus and
| ook at what we have got.

We have got against influenza-like illness we
have a relative risk and a random effects nodel of 0.34
whi ch equal s 66 percent effectiveness.

Now, that is very high against influenza-Ilike
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illness. Can anybody tell me why that would be high like
this? A very high percentage of these influenza-Ilike
ill nesses cases were due to the pandem c virus. That is
what that shows and this is very inportant.

So, | can tell you what worked the last tine
because |l ook at this. This is the sanme on influenza and
when t he Morgapgap studi es, when the vacci ne was mat chi ng
the circulating strain efficacy was 93 percent. It was very
hi gh. Unfortunately we don't have any data on
conplications. That is absolutely right. W need data on
conplications. So we need to think about that very
carefully, but what these slides showis what worked in the
| ast pandemic, and it was a nonoval ent variant vacci ne of
the old kind that has been shunned because | understand was
causing one or two febrile reactions or certainly sone
reactions.

So, | can tell you now and | can finish with this
with what worked in the | ast pandem c. Unfortunately | ast
night we had a power cut. Electricity was turned off in the
hotel. So, ny crystal globe that | brought fromltaly was
actually out of order. I can't make it start up again. So,
| can't tell you what is going to happen in the next
pandem ¢ and what is going to work in the next pandem c.

However, here we have got a clear indication of

what could be. | think I will stop it there.
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DR. COUCH:  You left us plenty of time for
di scussion and not only did Tom say that we don't know how
to do studies but sonme of the people sitting out in that
audi ence | know did some of those studies that didn't show
up on the screen, but at any rate he has charged us for
i nproving the quality of the studies and he has al so raised
t he subj ect of honotypic and heterotypic imunity and shown
it in what he considers good studies to be an exanpl e of
honot ypi cs nore powerful than heterotypic but heterotypic
i s measurabl e as significant.

So, | would say we are open for nethodol ogi es,
studi es, epi deni ol ogy, suggestions. One of the things Jerry
said was that we want to pronote col |l aborations and new
efforts. So, this may be a place to talk about that. | can
tell you that | have not ventured much in doing this kind
of studies but when | have they are tough and they take a
ot of tine and effort, too.

W have a comment back in the back, and we have
for those of you for this session the front m ke you can
wal k up to. The back mke is nmobile. So if you don't want
to get up just hold up your hand and we will get the m ke
to you.

PARTI Cl PANT: | just have a question on the
efficacy of the last study you nmentioned. How was that

measur ed.



83

DR. JEFFERSON. Which particul ar study?

PARTI CI PANT: The one at the bottom D d you
mention it? | can't read fromhere, but | think you
mentioned it was 93 or sonething in the high nineties
percent efficacy, how the efficacy of the vaccine was
measur ed.

DR. JEFFERSON. These were mlitary canps. So,
the foll owup was pretty good. They had to report sick.
This is a British arny expression. You probably have a
different expression in the American US forces. They had to
report sick. They didn't have a choi ce because these were
mlitary. | think they were marine recruits. So, they would
have had corporals and sergeants after their skins if they
didn't report sick. In any case they needed a chit from
sick parade, fromthe MOto say that they were sick.

So, the followup on these studies is actually
very good.

DR. COUCH. Do you know if they had specific
illness criteria and whether or not they had a marker for
i nfection, virus or serologic responses?

DR, JEFFERSON. | don't. | would have to go
upstairs to ny database to have a | ook at that, but | can
answer that |ater.

DR. COUCH The tighter that illness definition

the greater the protection. Mst of you know t hat because
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it is an awmful lot of mlId illness that is not caused by
influenza viruses in the mddle of an epidemc. If you nake
it a classic case of influenza, | don't |like, | have got
another terml don't like and that is influenza-like
illness but at any rate if you are tough on what you cal
influenza in the mddle of an epidem c then you can find
hi ghly significant protections.

DR. JEFFERSON. Sorry, | m sunderstood your
guestion. The influenza outcone that has serol ogy and/or
culture confirmation

DR COUCH  Bot h.

DR JEFFERSON: Both or no, and/or | think it
was, but | can answer that |ater on.

DR. COUCH. And nost people know that if you have
that criteria to go with it you increase the specificity
of your finding and the greater the protection from your
vacci ne.

PARTI Cl PANT: | think you nmay have answered one
of ny questions and that is you were saying that you
requi red serol ogi c outcones. There was a debat e whet her
serol ogic outcones is the nost appropriate way to eval uate
vacci nes whi ch produce high | evels of anti-hemaggl utination
i nhi bition antibodi es.

So, were the studies, for exanple, that did not

use a culture or culture PCR outcone instead of a serologic
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out come, were those excluded and what about all the studies
that were done in the US mlitary over all these years
whi ch | understand were random zed controlled trials wth a
serol ogi ¢ outcone? They seem not to have been i ncl uded.

DR. COUCH. What was the starting point for your
time period of | ooking?

DR. JEFFERSON: W went as far back as we could
go. | amnot claimng this is exhaustive but that is what
we did. Now, we didn't exclude anything. W did not exclude
any random zed controlled trial against placebo do nothing.
What | was showing is not excluded studies but the studies
that are the ones where the reporting or the conduction of
the study was clear. That is all.

DR. COUCH  Harry, you had your hand up.

M crophone, please? Just hold your hand up back there. W
have got a nobile m crophone.

HARRY: So, we all agree that random zed pl acebo-
controlled trials are the sort of goal. G ven the current
envi ronnment where the highest risk and the place where we
need correlates of immunity are in our nost vul nerable
popul ations, the elderly and the very young children in
t hose popul ations at least in the United States how do you
do pl acebo-controlled trials in this day and age? | don't
think that is possible.

So, are we ever going to get the data that you
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are looking for at least in the United States?

DR. JEFFERSON. That is not a question for nme to
answer. That is a question for the people in the States to
answer. | nean random zed controlled trials, placebo
controll ed random zed controlled trials don't have to be
carried out only in the States. They can be carried out
anywhere in the world but whether you are going to get an

answer or not or whether you can conduct that is not for

me. | amnot a US citizen.
DR COUCH: | was going to say, Harry, if you
will permit me | will | will take the prerogative of the

noderator. Let us don't take that one on. That is an
ethical question nore than a scientific. So if we stick to
the scientific | think we will be alittle safer and
everybody agrees that the random zed controlled trials are
i deal .

| would like to point out though that while he
took apart all those, actually maybe | ama little tougher
than you are, Tom You are a purist. | believe there is
such a thing as consensus and nonentum you see. They can't
all be wong even though they don't all agree and when we
are |l ooking at efficacy but of those that he accepts
honmotypic immunity is significant. Heterotypic imunity is
present but not as significant. So, | think he has verified

inthat clinical trial fromvaccines the kind of things we
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have been tal ki ng about.

Now, can we get the m crophone? Oh, you have got
it already.

PARTI Cl PANT: Tom | very nuch appreciate your
presentation. One thing you didn't comment on as well as
t he random zed controlled trial, the only one that I am
famliar with in the elderly is the vaccine which is used
primarily for the elderly and yet there is only one study
that was perforned that is the Dutch study and it is fairly
i nconcl usive especially for those of the elderly, anobngst
the el derly.

In the States we have a problemin that a nunber
of cohort studies show amazing efficacy, a 50 percent
reduction of all cause nortality of the entire popul ation
which is quite outstanding relative to what we are finding
on a popul ation basis. W just don't see that. So, there is
a di scordance there. There is a |ack of random zed
controlled trials at least in the US. W tal ked about the
ethics of potentially doing that. How about in the UK?

DR. JEFFERSON: Nowhere, the normal ethics stance
woul d say that nowhere has a policy of immnization of the
el derly can a, you are specifically referring to the
elderly here; so, | wll take the elderly, can a random zed
controlled trial against placebo be carried out? So, that

woul d rule out the 91 countries | think there are, maybe
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nore, maybe soneone will know this that are covered by that
policy. What | think of the policy is irrelevant. It is the
conditions in the countries that would have to be, the
people in the countries that would have to be convi nced but
we have got WHO here. So, | would ask David if it is at al
possible to carry out placebo-controlled trials in certain
age groups.

DR. COUCH: And in a country that does not have,
use or recomend vacci ne.

PARTI Cl PANT: Could | ask a clarifying question?
| wanted to make sure | understood that you weren't
confusing an endpoint with a serologic correlate foll ow ng
vacci nation. So, you were |ooking at studies that had a
vacci ne given and then a post-vacci ne anti body was
det er m ned?

DR. JEFFERSON. The paired sera.

PARTI Cl PANT: As opposed to endpoint and that is
when did a patient or when did a participant devel op
i nfluenza which one would preferentially use a virus
positive case either culture or PCRto actually determ ne
the virus as opposed to | ooking at serology there; am|
correct in that assunption?

DR. JEFFERSON. \Whatever the investigators had
actually reported that they were doing. The classic design

is for the followup to take place, a baseline titer to be
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taken and then a titer to be taken either once or twce
after that 4 to 6 weeks and in sone cases for antibodies to
be taken or blood to be drawn when this person reports
si ck.

PARTI Cl PANT: Having done a |l ot of these trials
our FDA likes to see virus positive cases. W are really
not interested in |ooking at cases that are defined
serologically right now W want to know what specific
i1l ness was associated with a virus-positive case.

We are of course interested in serologic
correlates of protection and perhaps secretory |IgA
correlates of protection. | think this is a very inportant
message for the sponsors in this room because typically our
clinical trial design as you pointed out would not fit your
criteria. W don't take paired sera. W don't do post-
vacci ne nasal washes in our subjects. W sinply vaccinate a
bunch of people and have a bunch of controls and then | ook
for virus-positive cases |ater on.

You are suggesting we need to go back and get
t hose sanples so that we can develop the correlates. |
think that is a really inportant nessage.

DR. JEFFERSON. Thanks. | think that is very
constructive. Yes, that is what | am suggesting and al so |
am pl eading for people to carry out follow ups.

Now, you may col |l apse | aughing on the fl oor
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sayi ng that of course we follow up people. Wll, sone of
these studies follow up different popul ations fromthe ones
t hey vaccinated. So, it is alittle bit difficult to
under stand what goes on in sone of these and it is not a
pejorative comment. It is a corment that | make trying to
| ook forward. The criteria that we used here are the
criteria which we think were logical within the study
guestion that was given to us.

DR. COUCH  Last comment and | said, "Let us
don't' do ethics,” and then we gave you an et hical
guesti on.

Dr. Wod?

DR. WOOD: Just before | cone to that | would
like to pick up on the last point by Dr. Belshe. | think
that is a critically inportant nmessage to come out of this
session that sponsors in particular could nmake arrangenents
to ensure that there are adequate sanples taken to enable
t hese types of followup studies to be done. | think that
is acritically inportant nmessage to conme out.

Goi ng back to the ethical question | think it
woul d be very difficult indeed for WHO to recommend doi ng
random zed controlled trials in countries that don't have
policies in place if it is not ethical to do so in other
parts of the world. I don't think that is going to be

feasible for us to do. However, what | think we can
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possibly do and | think it is a good challenge to us all is
we can | ook at the opportunities that we have as influenza
vacci nes do get introduced into countries because there is
not 100 percent coverage straight away and | think those
are the types of situation where you may be able to
generate data but | think for us to recomend doing
random zed controlled trials in countries it is going to be
difficult but I think of how do we use the opportunities
that nay present as vaccine prograns get rolled out maybe
to generate sonme of these type of data.

DR. COUCH  Qutconmes need to be further
di scussed. | said no nore talks and Dr. Goodman gets the
| ast nonent.

DR. GOODMAN: Just a really short comment. | think
we shoul dn't underestimate what we can |l earn even from
studies that aren't placebo controlled but that are well
conducted random zed trials, for exanple, in terns of
correl ates of protection because the population is not one
person. It is a continuous popul ation where we will see a
different series of values and levels. Also, presently
pl acebo-control |l ed studies are occasionally conducted in
popul ati ons for whomthe vaccines are not currently in the
recomended age groups and again we may get extrapol atabl e
information fromthose.

So, the criticality of having studies that are
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done done well and havi ng sanples renain avail able for
anal ysis can't be enphasi zed enough.

DR. COUCH. This has to conme up again in this
nmeeting I amsure. So, we will have further discussion.

Qur next speaker is Dr. Bennink who is going to
address sone fairly specific data on cell nediated
immunity, T cell responses in mce.

Agenda Item Cell nediated immunity: description
of T cell responses that correlate with protection and
epi tope specificity of T cell responses in mce

DR. BENNINK: | sort of feel Iike the odd man out
here | think, you know speaki ng about mce first of all or
m ce responses and second after Brian's talk stating that
cell-nmediated i munity has nothing to do with it. At |east
we had sone correlates here in the last in ternms of
heterosubtypic inmmunity but | was given this topic in terns
of tal king about correlates of protection and the
specificity of the T cell responses and so | want to speak
specifically on this sort of aspect.

| decided for better or worse and | think after
talking with Brian a little bit probably I should have put
sone data in because sone of it is better than probably you
have seen in the other aspects and a little bit stronger
t han what you have seen, but | decided not to, to sort of

try to do this topic nore generally and broadly and try to
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describe it in that sort of way.

Before | want to do that | want to give you sonme
of my opinions as a T cell virologist in a sense but | also
see even though | have worked ny whole career on T cells
and stuff like this, in terns of influenza | have no
guestions about what Brian has been saying or what has been
sai d this norning.

The ideal is to immnize for specific
neutralizing antibodies to the virus. | don't think there
is any question to this at all, if you can do that.

At the sanme tinme | do believe however, that cell-
nmedi ated i mmunity can provide protection and | amgoing to
describe what | nean by that protection against norbidity
and nortality, and | think this can be clearly seen if we
remove anti body responses to HA. You see it nuch nore

clearly. If you renove CD4 responses you can see that the

CD8s do sonething and if you renove CD8s you can still see
the CD4s will help clear virus with the neutrali zing
anti body.

Al'so, | think which has al so been said this
norning as well that for optimal imunity really | think
there is a what | would call alnost a whole matrix of
protection that is set up and that immunization if you can
generates a nenory in a sense, fromall effector arns of

t he i mune system
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So, why focus on the T cell inmunity in
i nfluenza? Qoviously it is because the responses are
het erosubtypic and this was shown | think fromthis T cel
responses that we did about 30 years ago in Peter Dori's
lab, with Rita Efrosh and Walter Gerhard as well as rea
soon after that Tom Braci al e showed the sane thing that
t hese responses can be heterosubtypic.

Now, to really talk about specificity I want to
briefly just mention this. | think everybody, nost of the
topics | amtal king about here | think nost everyone in
this room probably already knows but | just wanted to deal
with it so that you see where | amconing fromin sone
respects, but T cells recognize the antigen. So, what they
see is this peptide which is 8 to 10 amno acids long in
t he groove of the MHC nol ecul e.

So, al though nost i mmunol ogists call these things
epi topes, okay, it is really a m snoner and we have fought
this but we sort of have given in on it, but in nost
respects, okay? But whereas antibodies actually recognize
epi topes on proteins, the globulars and they can neutralize
the HA and everything really the T cells recognize if you
want to call themthat, they could be endotopes or what we
like to call themis determ nants because they can be
anywhere in the nolecules and this is part of the reason

also in terns of the conservation in terns of
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The characteristic particularly in mce and these

things is that characteristically there are i nmunodom nance

hi erarchi es that characterize the T cell responses to

t hese, okay, and that is that the T cells respond only to a

tiny fraction of the potential peptides that are encoded by

the virus genone itself.

So, if you are trying to cal culate through these
8 to 10 that could be done throughout the whol e genone of
t he influenza obviously it is a high nunber. If we were
just taking one of those nunbers it can be, because the
genone is close to 5000 ami no acids that you could have

many peptides in sone respects of different things. Even

some of the virus responses can recogni ze peptides that are

as long as 15 ners(?) in sone cases such as in EBV. That is

much rarer in those cases but the responses tend to be
limted to a tiny fraction of the total peptides that can
be encoded by the virus and they are ordered into highly
reproduci bl e hierarchies that are based on the nagnitude.
So, by the quantitation of the T cell responses that you
get you get these hierarchies and this breaks down into
what we call imunodom nant determ nants that are being
recogni zed and t he i mmunodom nant determ nants of what is

recogni zed are dependent upon in a sense first of all the

antigen presentation, okay? These are although there are a
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| ot of other factors that also get involved in it, these
are primarily dependent on whether these peptides can bind
to the MHC nol ecul e and second of all whether they can be
processed and how wel | they can be processed, whether they
are degraded and the other nmjor inpact | think that plays
on this is the repertoire of T cells that can recognize
t hese peptides so that T cell precursor frequency isn't
there. Do you have a good naive or menory precursor
frequency that is there and that will help dictate or
determ ne sonme of the, what the hierarchy as well and for
het erosubtypic i munity there has been nmuch nore enphasis
pl aced on the internal proteins, okay, in part due to their
greater conservation. In other words the internal proteins
have much nore of it conserved between the different
subt ypes of virus and so besides that in ternms of
statistical nunbers obviously you are only dealing with two
gl ycoproteins on the surface. You have nore proteins and
nore of the amino acids are coded for in the internal as
well. So, you are going to expect fromthat just on a
statistical basis, okay for any given MHC nol ecul e nore
responses based on the internal protein but the inportance
of it isin terms of heterosubtypic imunity.

So, what do we nean by T cell protection if we
are going to call it this, and | think | feel I have to

define that a little bit because if you don't it gets a
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little bit difficult. First of all because T cells cannot
prevent infection, | have been describing to you a little
bit what T cells recognize, and | did that to sonme extent
so that | could set up this in a way. They have got to
recogni ze peptides that have been processed fromfull -

l ength proteins in some ways and nost of these are if you
want to think of virus-infected cells or it may be
processed fromvirus that comes exogenously in sone way

nto too nuch but it

which | don't want to really get
crossed thiamne or in sone other way that way but in other
words in a sense you have to have an infection before you
can actually get these T cells to really function. So, the
best expectation in this sense in terns of protection that
we could tal k about would be to limt or attenuate the
norbidity or nortality and fromthat standpoint in terms of
what we talk about in ternms of protection when we talk
about cell-nediated imunity where really nost of the
assays that are being looked at it is in ternms of weight
loss, in terms of reduced nortality, in terms in sone cases
of reduced days to death or in terns of the reduction in
the virus titers and nost of these are in the lungs or in
t he upper respiratory tract.

Ckay, so what | amgoing to do and try not to
insult many people in the roomas well as outside that have

things, and | told you | wasn't going to present data but |
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woul d |ike to describe sonme of the nmany studi es that have
been done to try to describe what has really has been
| ooked at in terns of these, and | think the area where the
nost studies have been done is in terns of different virus
injections into mce, okay and | ooki ng at hono or
heterotypi c subtypic inmunization, okay, where they
i mmuni ze with one virus and conme back and chall enge with
anot her virus.

Most of these studies that have been done in mce
have been done in either Balb C mce or in B6 mce or
ot her strains of B6 mce, knockouts or transgenics or sone
ot her deficient mce in that way.

There are a few of the studies that have been
done also in CVAs or C3Hs but there are many fewer studies
in ternms of that.

So, nost of them are done in the H2D hapl otype or
in an H2B hapl otype and as | said both of these have their
own characteristic i munodom nance hierarchies that are set
up in these cases.

A second part of this is that many of the
studies, not all, many of these studi es have been done with
PR8 virus and also with a reassortnent of the PR8 virus
called X31. So, a lot of the challenges, the X31 has the
hemaggl uti ni n and neuram ni dase that is from Hong Kong and

all of the other internals are fromthe PR8 virus. That is
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not all of them | mean Tom Braciale for years has worked
w th A/ Japan but others, sone of the nore recent studies
al so have used sone of the nore recent H3N2 viruses as
wel | .

Anyway to go back to the point that | amtrying
to make in terns of these sets of studies and as | said a
| ot of people have worked on these for years. The early
studi es were done by Gordon Ada and Gapp and a | ot of those
studies clearly showed that there could be heterosubtypic
imunity by the T cells. Throughout the years as knockout
mce cane into vogue in a sense, particularly Peter
Dougherty's lab and | can list a |ot of the people, sone of
those in the roomwhether it is Maryna Ei chel berger, Jackie
Kat z, David Topham you know, | could go through a whole
variety, Gabrielle Bell, Steve Turner, Ralph Trip; you know
| could really go through a whole range of different people
who have worked on these sort of studies who have al so
found sone protection in terns of what | have listed here
in ternms of protection.

In nore recent years | think and sone of these
over| apped with sone of the things that Peter has done,
Suzanne Epstein has al so done things in terns of
i mmunogl obulin m ce knockouts as well as gamma delta T cel
knockout mice and a variety of these things show ng that

gamma delta T cells to sone extent also play a role but in
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some of the other antibody knockout mice clearly they show
aroleinternms of protection for CD8 as well as CD4 T
cells.

So, there has been a whole list of different
t hi ngs and one other study | want to nention that cones to
mnd in terms of Peter Dougherty's group and John Stanbiss
| think has done sone with the avian influenza where they
have shown sonme protection as well that is alleviated by T
cells. In these studies in terns of this depletion al so
t here has been depletion where they have used anti bodies
and knocked out the CD8 T cells or CD4 T cells with
anti bodi es and shown the effect that that has as well on
whet her they nuted things and in nost of these cases there
is a nodest |evel of protection, at least | would say one
log. Oten there are several, you know, tens of percentages
or in sone cases even nore of nortality reduction,
sonetines 100 percent nortality reduction in terns of
these protections. | think the strongest data and | think
that it is alittle bit in contrast in ny own mnd to sone
of the other things and the nost recent one is by Dick
Dutton, sonme of those studies that he has done in terns of
these things and | think he has shown sonme of this, and
this is using a cold-adapted virus as an i mmuni zation and
shown that there is hono and heterosubtypic immunity as

wel | .
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In terns of trying to get down to specificities
as well as just showi ng these things as | have descri bed
already that there are these hierarchies; so, we could even
go back to sonme extent back to the old studies and say,
"Ckay, well, we know what these specificities were because
that is what you get when you do these responses,” but
t here have al so been i muni zations to internal proteins.

Sonme of the early ones if you will, there was a
Merck study. John Donnelly used DNA to nucl ear protein and
they were able to show protection in that particular study.

Sue Epstein has al so done studi es where they used
a nuclear protein as well as the ML and al so used prine
boost studies along with the VRC with Gary Nabel's group
and shown that they can get protection as well fromthese
internal proteins and it was described earlier that the

antibodies to the NP do not protect in any way.

So, there are immunization protocols as well in
terms of the vaccinia viruses as well. My own experience
with the vaccinia viruses, | will be very frank with you,

we started with these things very early on back in the m d-

ei ghties and when we started to ook at a | ot of these

things we saw very little reduction in this, okay, fromthe

internal proteins about a log or sonething to that effect.
What really confused us and we stopped even

trying to | ook at protection studies in those particul ar
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cases was that we were using a control against a vesicular
stomatitis virus protein that was expressed and we al so saw
alnost a log reduction in that which confused us and said
that we can't really nake a concl usion based on sone of
t hose things.

So, sone of it is mld but I think the
preponderance of the evidence you know in terns of what
peopl e have found is a great deal of protection. There al so
have been bulk T cell transfers.

Sonme of these were done really in the very early
days al nost 30 years ago by Gordon Ada and Gapp and sone of
t hese things where they transferred T cells and they
clearly got protection in those studies as well as there
are also other studies of transferring T cell lines. Sone
of the earliest ones were by Lynn |Inasconas but Tom
Braci al e and Aaron Leukaker also did transfers. They had
two specificities for clones that were transferred, one
that was specific and one that was cross reactive. In al
of those cases there were, well | should say that we are up
to 3 1logs | think the reduction in virus titers that were
done in those and the nore recent ones fromthat are in
some TCR transgenic mce, okay, Mskofitis and G aham Price
al so was involved with sone of the later studies that he
did in terns of |ooking for protection, okay, using a T

cell clone that was specific for the nuclear protein 366
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from NT60 actual ly.

That cell they could get clearly things and I am
going to conme back to that study because there were things.
There were sone other comrents that | wanted to nmake about
that particular study, but there clearly was shown that you
could get protection from|ower doses of virus in that.
Grahanis studies in that particularly showed that he could
use those cell lines as well to generate nmutants of virus
the escaped mutants of the influenza virus as well.

So, what are sonme of the specificities if you
will that correlate with anti-influenza protection, okay?
To nmy know edge and sonebody could correct ne if | have
m ssed sonet hing here but to ny know edge all of the
i mmunodom nant specificities tested can be protective.
There are only two exceptions to this, and this is why |
put this subtype here, and both of them can be protective,
okay? But the first one of these is that David Wodl and
showed that the PA224 when it was i muni zed as a peptide
coul d, he observed sone detrinental effects upon chall enge
so that what he saw was not as nuch virus reduction and he
saw |l ater virus titers that were higher later in things so
that there was not the virus titer reduction thing.

The reason | used this as well as an exception is
because | ater Peter Dougherty did sone studies where they

used a |ipo probe peptide of the PA224, okay. This is an
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aci di c pol ynerase peptide and was able to show cl ear
protection fromthat. So, it is not as if that peptide or
that determinant in this particular case is always
detrinmental or anything else for that.

The second one | |ist here is i munopathol ogy and
that is because in the Mdscovitis studi es okay, when they
did the transfers of the NP366, the nuclear protein
specific T cells what they got in that particular case on
hi gh virus dose chal |l enges when it was relatively high
doses, they saw nore i munopat hol ogy and a qui cker time to
deat h. So, you can see sone of those things, but |I have
never observed at |east yet in the few that have been
| ooked at anything where there was an i nmunodon nant
specificity that didn't show sonme type of protection

Anot her point | want to nake about these things
isinterns of multiple function repertoire diversity in
terms of what you have for specific T cells or higher
avidity T cells nmay provide optimal nenory generation
and/ or protection but has not been rigorously denonstrated.
| don't think in terns of the influenza systemthat this
has been shown clearly, okay, that if you have nore
mul tiple function, in other words if you are testing for
TNF al pha as well as IL2 as well as gamma interferon are
those triple as well as cytotoxic function? If they have

nore functions like that are they nore effective in terns
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of the response and | don't think that has been clearly
shown yet for influenza or if you have higher avidity T
cells. You could imagine in all of these cases that you
woul d expect that to be the case but | am not sure that
that is clear in this thing and there are sonme studies |
know of that will cone out probably relatively soon in
terms of repertoire diversity.

The last thing in terns of this part that | want
to discuss is the precursor frequency associated with
protection. | don't believe it has al so been exam ned. In
ot her words we quantitate these responses nowadays nainly
by tetramer positive responses or gamm interferon positive
responses and they are usually quantitated as a percent of
CD8 T cells that are present and it is not clear to ne at
least in ternms of that or in terns of quantitating back
what is the |ower |evel of the precursor frequency or how
many T cells do you have to have in order to get sone type
of protection and I amgoing to go off in a quick tangent
here that actually | had planned on doing this, and |
think this addresses sone of what Peter did because | also
saw that in terns of cell-nediated imunity but it relates
to this, but I also saw that we weren't in this thing.

It is just one slide here. It is that | think
there are innate imune issues that | think need to be

| ooked at in terns of is there innate nenory okay to
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influenza; what is its role in heterosubtypic immunity? In
other words T cells have to see the dendritic cells. Ckay,
they have to, antigen has to be presented on nmacrophage
dendritic cells in order to stimulate that response, okay?
And t here has been sonme suggestion that there is sone
menory within innate i munity.

So, | think there needs to be perhaps sone
| ooking at this and what are these responses and another is
are there aspects of the innate response together with
measurenents of adaptive imunity that would give a better
i dea or correlates of immnity such as natural killer cells
or cytokines or chenokine levels falling back early on or
sonet hing al ong those |ines, and one other one, and this is
really nore to enphasize the fact of innate imunity issues
is that all of the nouse strains that we have been really
studying are all MX negative, okay, and in fact MX plays an
enornmous role in ternms of a natural imunity to things,
per haps even a bigger role than what in ternms of log titer
reducti ons or how nuch virus you have to use to infect the
mouse than the CD8 T cells or CD4 T cells or sonething |ike
this.

So, there may be several aspects of innate
i munity okay, that we haven't really | ooked at that could
be enhanced in sonme ways.

DR. COUCH. Don't go away. W are cutting into
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l unch hour, but yes, and Tom Braciale |I don't know if you
have a comment but there are two or three of you that this
is pure cytotoxicity and pure T cell immunity. So, now is
the tinme to bring up your questions and coments.

PARTI Cl PANT: | actually wanted to di scuss
retrotypic T cells and we have i mruni zed mce with X31. W
can protect against TRH and that is clearly not antibody
nmedi at ed. Neverthel ess when we i mmuni ze nmce with vaccines
we get 40 percent of all CD8 T cells to be specific for
pure virus and 40 percent by gamm tetraner. W can see no
protection or just marginal protection. So, | don't think

frequency plays a role. So, you can't really top 40

percent. | think it is quality and probably | ocation.
DR. BENNINK: | don't really have a comrent on
that. | really think that |ocation obviously is a very

inmportant thing and I think that fromthe di scussions
before I think there is a timng event as well probably not
in the studies that you are tal king about but in terns of,
yes, in terms of how | ong and where these T cells are and
David nay address that after.

PARTI Cl PANT: | want to ask you a general
guestion about heterosubtypic response in T cells because
we know that in restat(?) strain the honology anong HA
protein is extrenely high. For exanple in HA Indonesia,

whatever it is about 90, 95 percent and it is still about
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40 percent conparing Hl, H2, H3, H5. How do you think
t hese markers, how much seasonal imune response inpacts
t he response to avian when there is a 40, 50 percent
homol ogy and how nuch we can tal k about heterosubtypic
response in T cells when the honol ogy between H5 duck in
| ndonesia or Vietnamis 95 percent?

DR. BENNINK: But it just depends on you know in
terms of what | was trying to describe sone in terns of the
specificity of the T cells. Sone of these are going to
depend on the individuals because it depends on what their
MHCs are. It depends on how well those antigens are
processed. Sonme of it depends on if you are tal king about
and | amnot clear in terns of what you were di scussing.
Sonme of these in terns of inmmunizations okay | would
predict and | think this is true that the cold adapted
viruses are going to give you nuch better inmunization
capabilities for vaccines than if you are just talking
about subtype specific vaccines.

PARTI Cl PANT: | was nmainly tal ki ng about pandenic
vacci ne and work in humans in pandem cs through
vacci nations and we tend to say that we are all naive
agai nst H5 but we al so know that for T cell conformation is
| ess inmportant than antibody and that the honol ogy with
seasonal hemagglutinin is extrenely high. Do we care about

how much of the inpact of the seasonal inmmnity has on
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theoretical T cell responses against avian flu?

DR. BENNINK: | think you care if it really is
going to have an effect and do | really think it has an
effect? | think that the |ast study you showed in here |
think Sue is going to talk on sone of the heterosubtypic
immunity and | think | amgoing to delay until that. There
are sonme cases in terns of the Ohio case that an argunent
can be nmade and there are sonme aspects of that that suggest
that yes but | think it is nodest.

DR COUCH  Last one.

PARTI Cl PANT: Last one, again. So, a couple of
comments. One, in some of the clinical studies we are doing
wi th the pandem c vaccines we are starting to see a
correlation in people who get annual or regular annual flu
vacci nes responding better to the pandem c strain. So, |
don't know if there is enough data there yet to nmake the
poi nt strongly enough but it is going in that direction.

The comment about havi ng hi gh frequencies of CTL
circulating, again, location is inmportant. W know fromthe
m ce, sonme of the nouse studies that in mce that can't
maintain cells in the lungs that in spite of very high
nunbers and hi gh frequencies in the spleen, |ynph nodes,
bl ood, etc., they are not as well protected and then a
comment about the innate response in terns of delay in the

secondary we recently have done sone nat hemati cal nodeling
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of immune responses to flu and the one thing that junped
out fromthose nodels was that the dendritic cells
controlled the tenpo of the response whether it was a
primary or a secondary response. So, anything that affected
t heir behavior or maturation had the nost inpact on the
outcone of the infection. So, that early aspect of innate
immunity | think is key to understandi ng both vacci ne
responses and secondary protection.

DR. COUCH: This topic wll surely conme up again
and | have to conment. One of ny reactions is that T cel
i mmunol ogi sts are T cell imunol ogi sts but they |ove
i nfluenza because of that protein, that antigen, those
definitions and the mani pul ations and influenza is
benefitting fromthat synergy, and our final speaker before
we have lunch is none other than Harry G eenberg who is
goi ng to di scuss sonme human responses to vacci ne.

Agenda Item Cell mediated i mmune responses in
humans foll ow ng natural infection and vaccination

DR. CGREENBERG Thanks. W are a bit late, and |
find nmyself standing between all of you which not enviable.
| amgoing to try to go as quickly as possi bl e.

Let me say just two things to start out with. If
you are |l ooking for correlates of imunity it is best to
set up your structure where you have a random zed pl acebo

controlled trial. You can't do that with natural infection
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because you can't predict who is going to get infected.

| f you use vaccines to set up your correl ates
unfortunately our glass in this case is half enpty. Qur
vaccines are relatively effective. So, it is very hard to
do correlates of imunity when your intervention works al
the time and so you need very large studies to find the
pl ace where your intervention doesn't work if you are
really looking for a correlate of imunity and then finally
if you are |l ooking for things other than sinple inmmunol ogic
nmeasures such as HAl or neut it is very hard to do those on
very large patient bases. So, the systemis not ideal.

That said, what | amgoing to do today is just go
over with you very quickly sone studies that | and
col | eagues have done at Stanford really | ooking sinply at
t he i mune response and the cellular i mune response and
what | would |like to say here is | amreally not even an
i mmunol ogi st. | ama virol ogist, but cellular immune
response | would |like to think of it, B cells or cells and
so cellular imune response includes B cell responses and T
cell responses and | would sinply, one nessage as an asi de
is we have tended over the |ast 60 years because it is
very easy to neasure the endpoint or the effector or at
| east one of, the nost inportant effector, the
i mmunogl obulin nol ecule of B cells but B cell responses can

be neasured in many other ways and that m ght be a pl ace
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that we should train our guns.

So, what we have done here is take advantage of
the fact that we currently have two vaccines that are
licensed for interventions in humans, a live attenuated and
t he i nactivated vaccine and what we did is we have used
t hese vaccines within their indication which is healthy
young children and healthy adults and conpared and
contrasted and the experinental design here was based on
the fact that both of these vacci nes have been judged by a
variety of people including the registration process in the
United States to be safe and efficacious. They both work
and | would say as a big generalization in healthy children
and healthy adults they work nore or |ess over a | arge
nunber of studi es done by Bel she, Mirphy, etc., nore or
| ess equal ly.

In very young children recent studies have said
that maybe the live attenuated m ght actually work better
especially in the area of heterotypic imunity but in nost
of the people that we are studying we only study them
within the licensed indication and in the tine frame |
studied the live attenuated could not be used under its
license in very young. So, | don't have a | ot of data on
t hat .

So, our idea was here are two vaccines that are

very different. They both work sort of the sanme and | et us



113
study the i mune response which perhaps is different and we
wll get sone idea of correlates of immunity.

The experinental design is seen here basically
vacci nate control group, either live attenuated or
i nactivated and then you draw bl ood at zero, at 10 days in
the first year of study and 38 days and anal yze the
cellul ar and hunoral imune response.

A big difference and one met hodol ogi c difference
that I wll point out to you in humans and all of these
studies in humans which are harder to study than m ce, way
harder; so, not the |east of which is you only can get
peri pheral bl ood.

If we could take out the spleens of our humans or
better yet respiratory |ynph nodes we would really know a
| ot nore but we don't have that ability.

One of the problenms of studying cellular
responses is that the T cells and B cells are not on the
same time interval and just | will sinply say that
net hodol ogically this is really a big issue.

If you want to study B cell response, effector
cell response to inmunization nore or |ess you have to draw
bl ood on day 7. If you want to study a T cell response day
7 is not an ideal tinme to draw bl ood especially in inmno
nai ve.

So, in our 2 years as you see in the second year
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of study we drew it on day 7 because | won the fight with
my T cell colleagues and | got to draw the bl ood when
want ed and so we did a whol e bunch of assays and nost of
these are famliar to you. W did flow based assays to
nmeasure cellular inmunity and basically these were ganm
interferon and sone tetraner assays which | won't show you
and for Bcells we sinply did a sinple ELISPOT assay and
t hen added a nenory assay using the Rafianed(?) cocktail to
stinmulate nenory B cells to becone effector cells and so
this is the general T cell assay, a flow based assay and it
i nvol ves incubating PBMCs with flu for a |ong period of
time, 17-hour incubation which for us was basically
critical. Shorter tinmes do not work as well and then
| ooking for ganma interferon, CD4, CD8; we, also, did a
bunch of NK cell stuff which I amnot going to tal k about
today and then al so | ooked to sone degree at nore
characterization other than sinply the nunber of CD4, CD8 T
cells and that was the expression of activation markers
like CD38 or their expression of nmarkers, differentiation
mar kers, CD27 or cytotoxicity markers |ike porphyrin(?).

So, the next two slides are a summary of a boat
| oad of data and | don't want to go through all of these
except to say that as you m ght expect despite the fact
that these two vaccines work the sanme, that is they are

relatively equally efficacious in nost studies in the
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popul ations | amlooking at they really stinmulated on the T
cell side, they were quite different.

So, if you sinply ook in children, okay, the
i nacti vated vaccine actually in children and adults we were
unabl e to see a quantitative change in the nunber of T
cells after vaccination in our assay either in children and
adults whereas the live attenuated as you can see here we
could see in children clearly a rise in the nunber of T
cells.

So, they changed the nunber of T cells and it
vari ed. Neither vaccine were we able in our assays to see
any effect on CD8 T cells in adults, okay? | nean those are
our findings.

On the other hand both vaccines in fact did have
an effect on the T cells and if you | ook down here the two
vacci nes had an effect on the percentage of cells that were
CD27 positive or for that matter the cells that expressed
CD38.

So, in sunmary just a very quick sunmary
i nfl uenza vacci ne i nduces both quantitative and/or
phenotypi c changes in flu-specific T cells and | would say
sinply here that in humans sinply counting the nunber of T
cells may not be the total story. | think that is comng
out. It is certainly comng out in the HV wrld and the

problemthat all of you are facing is exactly what are you
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going to look at in T cells. There is an awful |ot of
things to look at. It is very easy to see changes. | was
surprised to see that we can find reproduci ble changes in
t he phenotype of T cells after let us say TIV i nmuni zati on
with no changes in themquantitatively and so it varies on
the age of the vaccinee, the type of vaccine and the marker
that you are neasuring.

Now, | am goi ng qui ckly because | can hear the
stomachs growing. So, next | amgoing to go to B cells and
this is the assay we used. Again, you can't get that many
cells fromespecially younger children. So, we did ELISPOTs
in a single well using two conjugates. So, we could | ook at
| gA secreting cells and 1gG secreting cells and this is the
menory B cell assay and it is pretty standard and
relatively sinple to do, and probably could be done in
| arge nunbers if you wanted to.

The first thing | will say is that the vaccines
interestingly differ, the giving the vaccines. So, one
thing we did because we studi ed people over 2 years, we
could look sinply and this is not a cell-based assay but we
| ooked at baseline flu specific serumanti body | evel before
vacci nation in the second year of our study. These are
vacci nees who, adult vacci nees who were not vaccinated in
t he year previously, adult vacci nees who got the

i nacti vated vaccine in the year previously and adult
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vacci nees who got the live attenuated in the year
previously and as nost of you would have predicted the
adul t vacci nees who got the inactivated vaccine in the year
previously had higher levels in let us say, and this is
actually true for all three but in H3N2, but what nost of
you woul d not have predicted or at least | didn't predict,
and | amsort of amazed and we could tal k about this, the
adult vacci nees who got the live attenuated in the year
previously had statistically Iower lIevels of HAl than the
adul ts who got no vacci ne.

So, having received live attenuated the year
previ ously reduced on average the HAI titer a year later in
t he vacci nees despite the fact that all or data would say
t hese two vaccines are equally efficacious.

I f you look at sinply effector cells, so for
t hose of you who don't know this, the humans and | guess
mce as well although I haven't done this experinent in
m ce an anmazi ng thing has happened when you either
parenterally or infect sonebody as far as B cells go and
that is about 7 days alnost |ike clockwork after your
antigen i muni zation you get a true rush of plasma bl asts
in your circulations that is i mense.

So, this is antibody secreting cells in the bl ood
here around 9 days. This is the first year of study after

i mmuni zation. If you were to do the sane assay, well, we
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have it here tinmes zero there are basically no anti body
secreting cells in the bl ood.

So, you go for flu. If | take any of you here in
t he audi ence now and | assume none of you have had a flu
vaccine for at least, if any of you got your flu vaccine
within the last 7 days you are very late in getting it. So,
| am assum ng you haven't gotten it. Basically I would have
to take a liter of your blood to find an anti body secreting
cell to flu. If I gave you an imuni zati on and drew your
bl ood 7 days later you could have up to 1000 anti body
secreting cells per 10 to the 6th cells.

So, in fact this experinment of nature if you want
to study the specificity of B cells in humans 7 days after
infection you can put your hands on one helluva | ot of
actually potentially clonally separatable human B cells.
VWhat | want to show here is that for the live attenuated
and inactivated they actually |look pretty simlar as far as
| gA secreting cells in the periphery in adults but as you
m ght expect 1gG secreting cells are greatly enhanced after
Tl V.

If you go into children and these are clearly al
i mmune children, these are children who had some exposure
to flu but certainly not as nuch as the adults actually the
anti body secreting cells both IgA and 1gG are roughly

conpar abl e.
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So, the separation of TIV being far nore
i mmunogenic in the 1gG wi ndow i ncreases as tine goes on and
peopl e have nore and nore either vaccination and/or
i nfection.

So, this is just a little bit nore data show ng
you the plasnma bl ast | evel appearing in the peripheral
bl ood and these are inactivated, |ive attenuated vaccine,

i nacti vated vacci ne. W pool ed data over 2 years which
probably isn't statistically fair but it is interesting and
what you shoul d see here is one the peak after inactivated
vaccine looks like it is sharper and that makes sense to ne
because you are sort of synchronizing. You are giving a

bol us of infection whereas live attenuated it is a broader
and sl ower peak and that is probably because you are having
antigen exposure over a nunber of days.

The difference between IgA and 1gG | evel remains
constant over tinme with the inactivated basically except
for this first day the 1gA and 1gG | evel s are al nost
identical in the live attenuated, so sonewhat different
ki netics and tim ng.

An interesting finding that we nade and this was
reproduci bl e over a 2-year period for those of you who are
the regulators in the audience you will know that one of
the gnarly facts of the live attenuated vaccine is that in

healthy adults it is crummy at inducing a hunoral i nmune
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response. W just heard and | believe deep in ny heart that
antibody to flu is the critical determ nant of protection.
The live attenuated vaccine is a good protector even better
in children than in young and healthy adults but it works
fine in young healthy adults.

At the sane tinme sonmetinmes you have to die trying
to find a hunoral inmune response to that and so that has
al ways been a conundrum since | believe in antibody but |
couldn't show or frequently couldn't show nmuch of an i mune
response.

| f you characterize a hunoral imrune response as
an anti body secreting cell response as opposed to an
increase in HAI or neut the live attenuated and the
i nacti vated vaccines basically are very simlar.

So, at least at one level there is a disconnect
bet ween the hunoral imune response as neasured by HAl and
neut in the circulation of adults and the hunoral inmune
response as neasured by the effluence of antibody secreting
cell plasma blasts at day 7, the latter being a nore
efficient way to say in the words of Al Kapician the
vacci ne was not water. Sonething happened to B cells. The
live attenuated vacci ne does sonething to Bcells in
healthy adults. Even when you don't see a hunoral imune
response you see nore plasma blasts in the circulation and

that is interesting and m ght have sone regul atory point of
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Vi ew.

| amgetting to the end here. You can al so use
t hese assays to | ook at nenory and while you saw that prior
year inmunization seenmed to have an effect on anti body
| evel s in vaccinees prior year immunization has no effect
on the nunber of nenory cells in people a year later, and |
don't know the true significance of that.

Both the live attenuated and the inactivated are
capabl e of stinulating nenory cells. The inactivated
clearly is a better stinulator of nenory cells 30 days
after imuni zation. As you can see here the inactivated
much bi gger increases than |ive attenuated. Both of them
however, are statistically significant.

At the sanme tinme if nmenory is judged by rather
t han assay by protective efficacy which is really what
menory i s supposed to be all about if you vaccinate are the
peopl e, do they have enough nenory their vaccination to be
protected? They are simlar.

So, this would say that there is a | ot nore
menory 1gG cells at |east 30 days after TIV than LAV but
bot h of those people when groups of people generally
heal thy adults when they see a new virus are protected.

So, how am | doing? Do | have a mnute or two
nore? So, | have given you all these points. So, you know

what, two last slides here. All | amsaying is we are now,



122
one of the issues that using nore nultiparaneter assays to
study i mmune response, so, here we are doing a relatively
smal | nunber of assays. W are nmeasuring gamma interferon.
We are looking at CD4. W are | ooking at CD38. W may be
nmeasuring CD38. W may be nmeasuring NK cells. W nay be
measuring you know 10, 15 rnul ti paraneter assays. People at
the NIH and in Gary Nabel's place you know were getting to,
you can neasure 100 i nmune paraneters and how do you begin
to look at all that data and sort of say, "Wuat is the
correlate?" O course, you can as Brian said, you do enough
experinments and you can find data to support anything. You
nmeasur e enough i nmune paraneters and you can find sonething
that correlates wth anything.

In any case we are trying to get a handle on the
nodest nunber of inmune paraneters that we have been
| ooking for and here what we have done and | don't really
understand statistically howit is done but luckily that is
why we have statisticians, but basically because we have 2
years of work we analyze correlates in year 1 and then use
that to generate a hypothesis that we could test in year 2,
and so just to give you an exanple of that we said, "Wat
are the predictors of change in CD4 and CD8 in response to
vacci nation?" and for C4 and I will show you again for CD8
what we found is the pre-vaccine |level of CD4 specific

anti-flu immnity nunbers or the CD4 level to predict
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changes in CD8 in both cases the best predictor, the nost
robust predictor of change in titer was the CD4 |evel prior
to immunization. It sort of nmakes sense but it certainly
for CD8s wasn't nunbers.

So, basically baseline |levels the nore things you
can neasure and neasure accurately the nore playing around
you can do with trying to identify correlates and I would
sinply say that we had several tal ks about mce. Mce are
i ncredi bly powerful, you know, with the exception of rare
genetic abnormalities you can't wal k around and knock out
genes of humans and so mice are incredibly valuable in
| ooki ng at affecter nechani snms, |ooking at contribution.

They have, al so, taught us how to neasure many
things. Al of the things that Jack was tal ki ng about and
that Tom tal ks about being able to do in nice, one is
begi nning to be able to do in humans, and | woul d say that
while I think I would doubt that we are going to find an
assay that correlates way better than neutralization, there
is much nore to understand about what that neans especially
with heterotypic inmnity, what exactly is making sonme type
of, well, for exanple, why do people who get the live
attenuated vaccine, little children, maybe have nore
heterotypic imunity than people who get the sanme antigen
injected in their arm

That is not going to cone out of doing
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neutralization assays until you drop. It is going to cone
out of sonme way of |ooking at cloning what the B cells are
maki ng and t hen understandi ng how anti gen m ght be
pr esent ed.

So, | will stop there.

DR. COUCH. Ckay, now, don't go away. | decided
sonetinme ago that | was going to limt, restrict your |unch
hour to an hour, not an hour and one-half. So, that |eaves
us about 3 mnutes by ny watch, and you opened up so many
topics | amnot sure we can even begin to approach it in
that period of tine, but let us take the 3 m nutes anyway.

Janet McEl haney?

DR. MC ELHANEY: There has been identified a
popul ation of T cells that are both CD4 and CD8 positive
that increase with aging. They are virtually absent in
peopl e under age 30. Have you | ooked at the expression of
both of these markers and seen what is happening in this
cell popul ation?

DR. GREENBERG | think they probably are in our
data. | should sinply say because | didn't really do proper
acknow edgenents, this work is done on a grant that
involves a | ot of people but Ann Arvin and | are the two
co-directors of this grant, but Chosun He is the senior
research associ ate who has done nost of that. If he has

| ooked at that he hasn't told ne about it.
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DR. GOODMAN:. This is sort of a sinple question,
but has anybody |ike the, maybe it is the dynam cs. Rather
than the baseline level in the hemagglutinin you have it is
how rapidly you respond to a virus that is inportant in a
natural infection. Have you or anybody gone al ong and taken
like a group of patients |like you have who are i mmune and
maybe where you show sone have antigen secreting cells but
not high | evels of antibody and then taken them and even
tested dynam cs of the actual antibody response, if you
conme back at themeither with hemagglutinin or with an
i nfection?

DR GREENBERG W have not. You know, these are
very hard studies to do. So, at least in theory if you
coul d bl eed everybody at the exact sanme day, day 7 after
i mruni zation you m ght get sone sort of dynam c nunber
because you were then conparing sort of rate of rise of
pl asma bl asts but the fact is you know if you have done
human studies at day 7 it means sonebody conmes in on day 6;
some cone in on day 7; sone conme in on day 8

So, to generate enough data so that if you are
doi ng dynam c neasurenents you can really conpare it is
hard. So, we haven't done it. It is a reasonable question,
but we haven't done it.

PARTI Cl PANT: I n npst cases when we neasure

titers of antibodies they are dom nated by one or two
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di fferent functions, an assay that is HAl or when you do
your ASC assays where is the function comng to?

DR. GREENBERG That is a great question. CQur
anti body secreting cell assay is sinple. So, we neasured
anti body secreting cells to whole purified. So, we limted
it to H3N2 just first to study and we neasured, we conpared
anti body-secreting cells to the vacci ne versus anti body-
secreting cells to purified H3N2 virus that was in the
vaccine, and basically our results were highly simlar. You
woul dn't have expected that. You woul d have expected
havi ng, so, in one assay we have all the proteins of one
virus and in the other assay we have henaggl utinin and
neuram ni dase and all the contam nating flu proteins that
are in the vaccine that were supposed to be purified HA and
NA but are not in the other. W are neasuring just total
nunbers and by and | arge they are the sane. The actual | ook
of the ELISPOT is much cl eaner when you use the vaccine
t han when you use purified virus in our hands.

So, we used the honol ogous vacci ne

PARTI Cl PANT: One ot her question regarding |gA
because we hear a |l ot about that and I amstarting to
wonder whether this is an inportant assay that needs a
l[ittle bit nore pursuing. Does it matter whether |gAs are
nmononeric or dimeric, secreted and so forth? Maybe sone

ot her people in the roomcan --
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DR. GREENBERG | think it probably does. Brian
may have. So, the best data | know about this is data with
rotavirus actually although Brian has |ots of great data
about flu, but it turns out that acutely after infection
t he neasurenment of antibody, 1gA antibody in the serum and
the neasure of IgA antibody in the intestine are correl ated
wel |l . The I onger you go after your infection the
correl ation breaks down and | am assum ng that is because
exactly this. Acutely after infection you have nucosally
derived I gA secreting cells. So, your serumactually has a
fair anmount of dineric in it. Things hone back to the
intestine and you revert back to the situation where nost
of the IgA you see in the serumis nononeric.

So, as far as understandi ng effector mnmechani sns
long term Brian probably has better data on whet her nasal
wash versus serum | gA has any, you know what is the
rel ationship with those two nunbers. | have not done that.

DR. COUCH  You have to renenber these are
peri pheral bl ood |Iynphocytes he is | ooking at. You want to
| ook at the ones that are at the mucosa for production.

DR. GREENBERG W have tried to get that for
rotavirus by saying that we can count in peripheral bl ood
| gA secreting cells that have nucosal hom ng phenotypes and
that has not been as, it sounds great, but it hasn't been

as perfect as it sounds.
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DR. COUCH  The reason he said that is Brian did
sonme studies on serumin relation to secretions.

Last comrent if you have got it, as brief as
possi bl e and then lunch for the grow ing stonachs.

PARTI CI PANT: It is basically the antibody that
winds up in the lumen of the respiratory tract that is the
active. Mnoneric IgAin the serumw ||l behave |ike
nmononeric 1gG and will follow the sane rules. Dineric
anti body that is present in subnucosal plasna cells that
get subject to excretion across a concentration gradient is
the anti body that is nost inportant in protection for the
| gA.

DR. COUCH A few housekeeping coments from Dr.
Weir before |unch

DR WVEIR First of all I think we should thank
Bob, all of the speakers, Jesse, David, everyone this
nmorni ng that did such a great job.

(Appl ause.)

DR. VEIR The second thing is as you notice on
your agenda |unch you are on your own, but there are sone
cheat sheets on the outside table that tell you sone |oca
restaurants, places to go. | think the good news about this
| ocation is none of you should have any problem finding
sonepl ace to eat. If you don't like what is on there take

off in any direction and you will find sonething.



129

The other thing is considering the tine | hate to
overrul e Bob, but why don't we start back at one-fifteen
rather than one. That will put us a little late but not
bad.

(Thereupon, at 12:03 p.m, a recess was taken

until 1:15 p.m, the sane day.)
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AFTERNOON SESSI ON 1:15 PM

Agenda Item Session 2: |mune responses to
avi an influenza infections and vacci nes for novel influenza
viruses in humans -Moderator: Jacqueline Katz, PhD

DR KATZ: | would like to welcome you to this
afternoon's session on i mMmune responses to avian influenza
i nfection and vacci nes for novel influenza viruses in
humans.

| am Jackie Katz fromthe Influenza D vision of
the CDC and | will be noderating this session.

Just one announcenent before we start and that is
there is going to be a panel discussion at the end of the
meeting tonmorrow in the afternoon and the panelists are
going to include the four noderators of the sessions and
then some additional invited panelists and your nane is
listed on that | ast page and the organi zers have requested
that those individuals stay after the end of this session
today at the very end, so around five-fifteen or five-
thirty and for a brief discussion and then also if anybody
has any ideas that they want to address particul ar
suggestions for the panel discussion tonorrow pl ease
provi de those to the organi zers at the table outside.

So, | amgoing to start the session off by
introducing Dr. Nancy Cox who is going to give the plenary

tal k giving us an overview of avian influenza virus
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infection in humans.

Agenda Item Plenary Tal k: overvi ew of avi an
i nfluenza A viruses in humans (i ncl uding virus
het er ogeneity)

DR COX: Thanks, Jackie. So, instead of
tal ki ng about the i nmmune response | am going to be talking
about the beast that causes the i mune response or at | east
one nmenber of the famly of beasts.

This slide, | think is very nice because it shows
wi th green dots where outbreaks of avian influenza have
occurred in birds either in wild birds or in poultry.

Now, of course, there are sone areas where we
know that there has been fairly active outbreaks in birds
but we don't see very many green spots. These are the
reports that have cone in to OE and FAO and then we have
shown in yellow circles and blue triangles, yellow squares
and then finally in purple dianonds the human cases and the
human cases nost recently in 2007, are shown by the purple
di anonds and they have been primarily along the Nile Delta
in Egypt and al so in Indonesia but there have been sone
addi tional cases as well.

The nost recent cases have been reported in China
near Nanking in Jangsu(?) Province and the report had
al ready been delivered to the WHO | ast week about a 24-

year-old mal e who devel oped synptons on the twenty-fourth
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of Novenber, was hospitalized shortly thereafter and then
died a few days later, and today we al so found out that his
father who took care of him his 52-year-old father who
took care of himwhile he was very gravely ill has al so
been di agnosed with H5NL i nfection

We have been in contact with our colleagues in
China and there really doesn't seemto be anything unusual
about that virus and of course we have seen |imted human
to human transm ssion in famly clusters before.

So, this just shows the case of this avian
i nfluenza, H5N1, of course, between 2003 and 2007, and you
can see that we have had fewer cases in 2007 than 2006
whi ch was a very active year. W can also see that the case
fatality rate has remai ned around 60 percent throughout the
course of time of these infections.

Now, the nonencl ature was getting very, very
conplicated for the HS5N1 viruses and each set of
i nvestigators had used their own nonmencl ature. So, FAQ
VWHO, it was actually an WHO initiative, WHO, FAO and O E
experts got together and canme up with a nonencl ature that
woul d be a unified nonenclature and hopefully everyone w ||
settle on this. It is posted on the WHO web site, and it
will actually make it nuch easier for us to understand what
we are tal king about when we refer to these different

subsets and subsets of viruses or clades and sub cl ades.
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Now, if we |ook just in the past 3 years we have
had nine different clades and various sub cl ades
circulating in birds, and of course a nunber of these have
i nfected humans and we really do need to keep a handl e on
what is going on in birds because as we have seen in the
past it is unpredictable which of these viruses wll be
passed on to humans, and you can see there is a | ot of
genetic divergence just in the hemaggl utinin which of
course is the primary target for the i mmune response and if
we count the viruses that circulated in 1997 in Hong Kong
we have a total of 10 cl ades.

So, this WHO systemwas really neant to unify the
classification of isolates and renove stigmatizing that
goes along with calling a virus by its geographic
reference, and it can be all inclusive because we can
actually follow not only the HA but the NA and the internal
genes as well, and it also assists us in selecting new H5
vacci ne candi dates and the web site where this information
is posted is listed there, and there will be a publication
com ng out shortly.

So, if we look in nore detail this is a
sinplified tree and you can actually see that within C ade
2 there are actually sub clades, 2.1.1, 2.1 to .2 and so
on. So, it actually becones quite conplex but at |east now

we have the ability to name these different groups of
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viruses in a sequential way and to foll ow the evol ution.

Now, we have shown here in yellow the viruses
t hat have been used to nmake candi date vacci ne strains. So,
we have viruses throughout the tree and this just
represents the groups that have infected humans and the
humani zed lists are shown in bl ue.

This is just a larger view so you can see how
very diverse Clade 2 is and Cade 2.3. So, these are al
Clade 2 viruses, 2.1, 2.2 and 2. 3.

So, Cade 2.2 is really very diverse as you saw
fromthe previous slide as well and here again we have the
humani zed list in blue. W have not yet selected one of the
Egyptian isolates showmn here as a vacci ne candi dat e.

Now, it was very inportant to know whet her the
phyl ogeny woul d be reflected in the serologic reactions and
so this table represents the H henmagglutination inhibition
reaction of influenza H5 viruses.

These are all wild-type viruses and the ones in
red are the ones that have been sel ected as vacci ne
candi dates as representative of Cade 1, 2.1 and 2.2 and
2.3 and you can see that the reactions that you get, the
hi gh reactions you get with the honol ogous viruses as they
are grouped by clade and sub cl ade really does correspond
to their positions on the tree.

So, there is a serologic correlate to the genetic
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di vergence that we see and that is very inportant of
cour se. | think I will skip through these fairly quickly
but this just allows you to see that we have chosen within
Clade 2.3 a nunber of different viruses for vaccine
candi dates. The sanme is true for Cade 2.2 although we
haven't yet selected an Egyptian virus and of course we
have the Clade 1 viruses that have been used already in
trials inthe 2.1 virus represented by |Indonesia 5.

Now, | attenpted to find an NA tree or actually
to get one that corresponded to the WHO O E/ FAO HA tree but
| couldn't manage to get it through the security of the CDC
security systemon ny conputer. So, here is the bottom
line. The phyl ogeny follows the sane pattern as HA, and |
think that is inportant to note especially for our NA
neur am ni dase afi ci onados.

We have heard quite a bit about outbreaks in
Saudi Arabia recently. This is particularly inportant
because of the Hage(?) com ng up. W have al so heard about
out breaks in birds. This slide shows where the outbreaks
have occurred in poultry in orange and wild birds in the
lighter color and also there has been a |ot of activity in
| ndonesi a and in Pakistan recently as well.

So, we know that this is the time of year when
activity really starts heating up in the bird popul ati ons.

So, we can certainly expect to see nore human cases.
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W have been very fortunate to receive quite a
nunber of H5NL viruses isolated frombirds in Vietnam
during the period 2001 to 2007 and our very prelimnary
findings are that there are 10 different, at |east 10
di fferent virus genotypes detected in the poultry. There
have been multiple introductions of H5N1 and of course we
know t he borders are very porous. It is not surprising and
that now viruses with C ade 2.3 HA predom nate and have
replaced, essentially replaced Clade 1 viruses except for a
smal | area of the Mekong Delta and the H5N1 viruses in
Vi etnam poultry have the internal genes fromC ade 1
viruses. So, perhaps there is an evol utionary advant age
for Clade 2.3 HA and Clade 1 internal genes. W really
don't know for sure.

So, there really is a very active continuous
evol ution through point nutations and reassortnent in birds
and of course viruses isolated frominfected humans refl ect
the viruses in birds.

| think all of you are very famliar with reverse
genetics. This is just to remnd you that this has becone a
very robust technique, and we can actually conplete the
production of a high-yield avirulent vaccine virus in about
9 days. That is about the best we can do.

O course, the work has to be done in BSL3 and we

are looking for 6:2 reassortants and sort of the critical
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i ssues are that if the vaccine viruses are going to be used
in humans that requires that vaccine certified Vero cells
or other certified cells are used in the reverse genetics
process in the transfection, and of course that the reverse
genetics technol ogy technique is protected by patents in
many but not all countries particularly devel oped
countries.

So, there are WHO gui del i nes and nost of you know
the criteria for bringing the viruses out of BSL3. W | ook
at pathogenicity in ferrets. Sometinmes pathotyping is done
in mce and certainly it nmust be done in chickens.

So, now we have all of these vaccine reverse
genetics nodi fied reassortants on PR8 backbone. Sone of
t hem have been distributed fairly widely. OQhers are stil
wai ting sonme sort of regulatory approval and then there are
addi tional reassortants in preparation.

So, we are really trying to beat the clock from
the first time that person-to-person transm ssion is
det ect ed because we woul d have to go into | arge-scale
production either in eggs or cell culture and cell culture
vacci nes have been approved in very few countries. So,
there really is a very steep hill to clinb.

We have been focusing quite a bit of attention on
receptor binding by the HA both before and especially now

that Jane Stevens has joined the influenza division and it
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has been known that the HA receptor specificity changed
fromthe avian to the human specificity prior to the
pandem cs and that the receptor specificity really has
great effect on host range, tissue tropismand
transmssibility.

There has been an evolution in the technol ogy
used to |l ook at HA receptor specificity and now gl ycan
arrays are the nmethod of choice.

So, these slides are conplinents of Rubin Donis
and Jane Stevens and what these experinents are really
trying to get at is precisely what the receptor specificity
is and there are really a lot of different glycans and so
the testing has gone to glass slides with covalently |inked
glycans. This is a reference where the technol ogy was
really described in detail and you can actually use
reconbi nant bacul ovirus derived HA or whole virus and get
essentially the same results and of course these
experinments are done in collaboration with Ji m Paul son at
the Scri pps.

This slide is one of Janes' really nice slides.
So, you can get at a whole variety of things. You can | ook
at antigenic drift and receptor specificity using clinical
i sol ates | ooking at egg versus cell, propagated virus. You
can | ook at host range, and you can | ook at a variety of

subtypes for risk assessnment and you get very interesting
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dat a because you can actually see that in H5 viruses; this
is actually fairly inportant, anong the HS5NL viruses that
have been isolated from humans you can see sonme weak but
variable affinity for human receptors which are shown here
in blue and this particular virus you can see that there is
sone binding to the human specific receptors.

| am al so going to tal k about amant adi ne
resi stance though it doesn't, antiviral resistance although
it doesn't really affect imune correl ates because it is
very inmportant for public health, and | wanted to be sure
that you all know that there is a | ot of heterogeneity
anong the H5N1 viruses. So, for the adamantanes we have
resi stance represented by a nunber of different nmutations
in the different groups and subgroups and vastly different
per cent ages of resistance anong the different groups.

Swi tching to neuram nidase inhibitors we really
don't know the genetic markers of resistance especially for
H5N1 viruses. There are strain and drug-specific resistance
mar kers. We know that for sure, but we have yet to define
themall and there also has recently been discovered a
vul nerability in the design of existing neurani nidase
inhibitors and this was determined by the N1 crystal
structure and the nutations have occurred in the 150 | oop
t hat has conferred resistance.

So, the neuram nidase inhibition assay is the
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current assay of choice. So, you are really |ooking at
neuram ni dase activity. W are using the NAStar kit and
have validated that. Lorisa CGubereva has done a really
mar vel ous job since she joined us and others around the
world are doing a lot of work in this regard.

So, just to quickly go through the data there
have been some new nutati ons observed for resistance to
neuram ni dase inhibitors. I wll just say one word about
virus sharing. The story is not over and so there have been
a nunber of neetings and there is a |lot of controversy
about virus sharing right now, and w thout those viruses we
really can't do the proper risk analysis in vaccine
devel opnent .

So, we can see that genetic variation is great
anong H5NL viruses. There are nmultiple clades and sub
cl ades of HA along with nmultiple reassortants. Antigenic
variation corresponds with genetic variation and HA. W
really haven't | ooked at antigenic variation in the
neur am ni dase. Variation is observed in receptor binding
specificity and of course changes in receptor binding sites
certainly often affect antigenicity and there is variation
in antiviral susceptibility patterns anong the different
cl ades and sub cl ades.

| have many, many people to acknow edge within

t he WHO col | aborating center and within the agricultura
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community and | want to especially thank Rubin Donis, Jane
Stevens, Larisa Qubareva, Sasha Klinmov and Jackie Katz for
their contributions.

Are there any questions?

(Appl ause.)

PARTI Cl PANT: Nancy, that is a beautiful summary.
| don't want to introduce nore conplexity into a very
conpl ex situation, but I amgoing to do so. That is to ask
you in ternms of your strain conparison, your clade
conparisons, etc., do you have adequate data on the
difference in passage history as these different viruses
are isolated as the different strains are isolated? In
ot her words, how rmuch of this m ght be due to sinply host
sel ection by using various hosts and al so the nunber of
passages in a given host?

DR. COX: That is a very good question. W
sequence both directly fromoriginal clinical specinens and
fromisol ates when we can, and we find very good
correspondence. W are doing all of our virus isolation in
eggs at the CDC right now because we find we get a better
yield than we do in MDCK cells at least in our hands. So,
we really do, for the HA which we concentrate nost on and
NA secondly we do see good correspondence between what is
in the specinmen and what cones out of eggs.

PARTI Cl PANT: The other thing I would like to
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nmention, and I will go into this nore tonorrowif | get the
opportunity but we discovered a long, long tinme ago that
the PR8 in Ann Arbor was not the sane as the PR8 in New
York or the one in London, so that you have intrastrain
variability, antigenic variability also that you can detect
in the sinplest of tests.

DR. COX: Sure, yes, those viruses have had
extensive | aboratory passage and do have differences in al
ki nds of properties.

Peter?

DR. WRI GHT: Peter Wight. 1In birds you see
little evolution and variation in influenza strains and |
am wondering what this tells us about HS5 in birds. It seens
to be rapidly evolving in a way that | don't know that |
woul d have predicted with other avian viruses.

DR. COX: That is a very good question because of
course the dogna had been that avian influenza viruses are
very stable and you don't see the degree of antigenic
variation that you do anong human viruses but the viruses
that were examned at that tinme were viruses primrily from
wild birds and waterfow where basically there are certain
subtypes that you see nore frequently in certain species
and so | think that there was a lot nore stability and far
fewer isolates then but I think that the reason we are

seeing, part of the reason we are seeing so much divergence
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here is that we have these viruses that appear to be
i ncredi bly genetically robust and evolutionarily robust.
They can infect many different species. Each tinme they nove
from species to species even though it is fromone species
of bird to another species of bird we think there are
sel ective pressures that are exerted and so in addition
there is vaccination.

Now, we don't know what effect vaccination m ght
have on evolution and certainly vaccination wasn't started
until probably 2004. So, we don't really think vaccination
has a great deal to do with it but rather the spread of the
viruses and the novenent back and forth from bird species
to bird species.

DR. SHAW Al an Shaw. The surveill ance system has
captured three hundred and sone odd cases of influenza
severe di sease and two hundred and sone odd cases of death.
What do we know about the overall popul ation exposure in
| ndonesia for exanple to H5? | nmean there is probably a | ot
going on there that you just never see.

DR COX: | think that it is highly likely that
there are many nore ducks that haven't been captured sinply
because surveillance doesn't occur in many of the outlying
regions in devel oping countries and | think that we don't,
we haven't had an opportunity to do the kind of serol ogy

that was done in 1997. So, a lot is being done at the
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nmonment. | expect that there will be sort of a burst of
publ i cations over the next 2 years but | think that sone of
the serologic studies are really conplicated by the timng
of the collection of serumand so on and so forth. So, we
know that there are mld or there have been mld or
asynptonmati c convections based on the 1997 work and al so
subsequent work but we really don't have as yet |arge
popul ati on-based serologic studies to really know what is
going on but there are sone countries that are attenpting
to do that.

PARTI Cl PANT: Nancy, the limted nunbers of
human-t o- human transmissions in famly clusters that have
occurred if they have occurred in different clades or sub
cl ades do you see any sequence changes that are seen in
nore than one of these famly clusters?

DR. COX: No. Actually we have | ooked very
carefully especially the Carol (?) cluster where we thought
there was |ikely possibly human-to-human-to- human
transm ssion, we | ooked for changes and have al so | ooked
very carefully in sonme of the other transm ssions from
not her to daughter and so on, and we really have not been
able to see changes that we think are associated with
passage i n humans.

PARTI Cl PANT: M question is a very sinple one

and it is trying to get straight in ny mnd. | don't do
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these things, but are the viruses truly evolving in the way
we think of human viruses having evolved or is information
evol ving; we are learning nore and the nore you capture and
the nore varieties you see and that sort of thing or is
this thing really sequentially noving in tine?

DR. COX: No, it is not sequentially noving in
ti me because there are discrete geographic distributions of
the viruses. So clade 2.1 viruses are primarily in
| ndonesi a. So, you have instead of you know when you do a
| ong-term evol utionary tree of H3N2 viruses for exanple you
see that the changes that are fixed are nmai ntai ned and you
just have a very long skinny tree basically.

PARTI Cl PANT: Are viruses di sappearing?

DR COX: Clade 1 viruses are still there in
Sout hern Vietnamin the Mekong Delta but certainly the
range of the Clade 1 viruses is nmuch I ess than before. So,
it may di sappear, yes.

PARTI Cl PANT: | think a good while ago | asked
you and Rob Webster, is this like HV, that is a clade to
A, B and C, and he suggested yes, and | think you are
sayi ng the sane thing.

DR. COX: | am saying the sanme thing. | am saying
that you may see sone di spl acenent but basically you have
got these quite stable clades that are now dividing into

cl ades and sub cl ades.
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DR. KATZ: Thank you very rmuch

Agenda Item | nmune responses in poultry workers

DR. KATZ: | am going to be tal king about inmmune
responses in poultry workers and by way of introduction
am al so going to be including sone of our early data
| ooki ng at the serol ogical response to individuals that
were actually culture confirmed infected with HS5N1 viruses
as well as | amalso going to try to touch on what we know
about serol ogical responses to HON2 and wi || be di scussing
some studi es that have been published on the H7 subtypes.

Clearly all of these viruses have caused mld to
severe illness in humans although H5 has often been of
greater focus especially in recent years.

So, | amgoing to begin with sonme | essons | earned
frominvestigating the 1997 outbreak in Hong Kong where you
wll recall a single index case in May 1997 foll owed by a
cluster in Novenber and Decenber, a total of 18 human cases
and six deaths and that this outbreak ended in both poultry
and humans when all of the poultry were culled from Hong
Kong.

So, at that time we had been working with a
m croneutralization assay in our lab to | ook at anti body
responses in human sera and when we conpared the
traditional avian red blood cell based assay for

hemaggl utination inhibition with this mcroneutralization
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assay in | ooking at the antibody responses in culture-
confirmed cases it becane very clear to us that in fact
this neutralization assay was nore sensitive and could
detect antibodies to higher titers than could the
traditional H and so nost of our studies at |east from CDC
are based on this assay. So, | amjust going to really
remnd you what it is briefly. Twofold serial dilutions of
sera are made. In our lab we start, we call the first
dilution 1:20. So, a 1:80 titer is the first three wells
showi ng inhibition and then virus is added to the diluted
sera, 100 tissue culture infectious doses, incubated for an
hour and then a suspension of MDCK cells is added and the
pl ates are incubated overnight.

The next day the cell nonolayer is fixed with
acetone and an ELISA is run to detect viral influenza Ain
P antigen using a nonoclonal antibody with an ELI SA-based
read out, and when we used this assay to | ook at the serum
anti body responses in individuals that had been confirned
to be infected in the 1997 Hong Kong out break we found that
with the exception of two individuals, this individual here
who didn't nmake any sort of imrune response and this
i ndi vi dual which was a young fenmal e that we found out
subsequently we just couldn't detect her neutralizing
anti body response with the Hong Kong 156 virus we used in

this assay but when we used a different virus we could
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detect a response.

So, these responses are all to the prototype Hong
Kong 156 virus, and so you can see that roughly about 14
days or nore after synptomonset the majority of
i ndi vidual s are naking a robust serum anti body response
and we neasured, | think we had the opportunity to | ook
about 7 nonths out here in one individual and found that
the anti body titer was still roughly within about twofold
of what it was within the first 25 days but again that was
a very isolated tine point that we were able to address.

So, we established at that tine a cut off of a
titer of 1:80 as being seropositive for H5NL anti body and
the reason we did that was that we were perform ng many
sera epi dem ol ogi cal investigations where we had only a
single serum sanple and that was taken at a certain tine
point after the supposed exposure of an individual, and so
we had to establish a criteria for seropositivity, and when
we did our specificity and sensitivity analysis we al so
found that we occasionally in unexposed individuals would
get titers down in this area of the curve anywhere from 10
to 40.

So, we felt a nore stringent cut off was
seropositivity of 80 or nore and we deci ded that we needed
to see such a response in two independent assays. O

course, if we had well-tined paired sera then
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seroconversion woul d be indicative of infection and to
enhance the specificity we found that a second assay in our
hands at CDC we used a Western bl ot detecting antibody at a
di lution of 1:100 using bacul ovirus expressed reconbi nant
H5HA pr ot ei n.

Qur coll aborators, Dr. Wlena Limat the Hong
Kong Departnent of Health used a single radial honolysis as
performed by John Whod and his col |l eagues as a conservatory
assay but all of our seropositivity was based on obtai ni ng
first a neutralizing antibody titer of 1:80 or nore and
then having a confirmatory positive in a second assay, and
this is the result of the study |l ed by Carolyn Bridges in
poultry workers right at the tinme of the culling operation
at the end of 1997.

At that time Rob Webster and Ken Shortridge al so
were doing surveillance in the poultry, in the live bird
markets in Hong Kong and they determ ned that about 20
percent of chickens were in fact positive for H5. So, there
was probably a fairly high |Ievel of exposure that poultry
workers in this situation had experienced.

I n about 1500 poultry workers that were enrolled
we found that 10 percent of them neasure our criteria for
seropositivity and in contrast a smaller nunber, about 300
government workers that had just experienced exposure to

infected birds during the culling operation, so in a fairly
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short one-to-two-week wi ndow we found a seropreval ence of 3
percent and in fact in one individual we did see a
ser oconver si on.

So, telling us that we could pick up in nost
cases asynptomatic infections of course, this is a
retrospective study and we were not able to |link any |evel
of disease or infection to the seropositivity rate.

However, when the epidem ol ogi c anal ysis was performed we
found that our criteria for a seropositivity of a titer of
1:80 did in fact significantly correlate with risk factors
wher e individual s who butchered poultry and had exposure to
birds that had greater than a 10 percent die off were
significantly associated with seropositivity, and the nore
types of exposure they had their risk increased.

At the time HON2 viruses were also circulating in
the live bird markets in Hong Kong and roughly again
according to Rob Webster and Ken Shortridge roughly 4
percent of chickens were al so positive for HON2 at the
time, and we know that there were multiple distinct
subl i neages of HON2. The so-called & or Y280 |ineage had
circulated in Hong Kong and Sout hern China for sonme years
and then there was also a GL |ineage and in 1999 two cases
of human infection in children with HON2 was docunented and
t hese were individuals that were infected with the Gl-1ike

viruses, and one of the two children did have a serol ogi cal
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response and by the neutralizing anti body assay we
determned that that child had a titer of 1:640. That was a
4-year-old child and the other child was a 1-year-old child
who did not make an inmune response.

So, we also went back to a subset of the poultry
wor kers we had tested for H5NL seropositivity and | ooked at
the seropositivity now for two subgroups of the HION2
viruses and | should say that both for H5 and for H9
anti body we | ooked at a non-exposed group or supposedly
non- exposed group and these were bl ood donors from Hong
Kong, and this was sera that was collected earlier in 1997,
and before the large outbreak of HS5NL in poultry in the
bird market and here we found the baseline reactivity of
about 1 percent in over 170 individuals, and we saw a
simlar reactivity for H5 which | forgot to nmention, but
when we went back to the poultry workers and we tested
about 250 of themrandomy selected fromthe | arger subset,
we found again that only a small percentage seened to be
positive for GL but an extrenely high | evel of
seropositivity was detected with a & virus and this was
when we used our mcroneutralization cut off plus Western
bl ot .

So, we really felt that there was sonething
unusual going on here and we went back and tested with a

reassortant virus that was an HON7; so, now no |onger had
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the N2 anti body because we thought that m ght have been
playing a role in this high degree of seropositivity, but
when we went back and reanal yzed we found al nost the sane
percentage of individuals were still showi ng neutralizing
anti body suggesting that we were | ooking at a | evel of
antibody to the HA which is primarily what is detected in
the neutralizing anti body assay.

So, we decided that we needed to do a further
specificity testing and when we did that we reduced the
seropositivity down to about 23 percent which is still
rat her high and the way we did that further specificity
testing is to actually absorb the serumw th hunman
influenza strains and this is a fairly arduous process
where you purify the virus and you use about 100 m crograns
of total virus and absorb out followed by an
ultracentrifugati on and additional absorption out wth red
bl ood cells to renove any residual virus and then at the
end of that the sera is re-evaluated in the neutralization
assay and this is an exanple of what we found with an
i ndi vidual, a 50-year-old male who had high seropositivity
to the HON2 virus. If we did an absorption within a
rel evant influenza B virus we still saw a substantial titer
but we could renove the response with either an early 1968
H3N2 virus or an H2ZN2 virus and in contrast if we try to do

the sane with the confirmed case, serum fromthe confirned
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case we couldn't absorb the serumout with these; we
couldn't absorb the reactivity out with these viruses, and
a sonmewhat simlar phenonenon; so, these results suggest
that there is some |evel of cross reactivity occurring with
the HON2 virus with earlier strains of human viruses, and
this is taken fromsone work of Maria Zanbon and | an
St evenson where when they | ooked in vaccinated individuals
they found that pre-existing antibodies, so prior to HIN2
vacci nation they saw actually an age-rel ated distribution
of the response which seened to cluster between the years.
It seened to be peaking in the years that were consistent
with the H2ZN2 era, but not exclusively because we have al so
seen sonme early H3N2 era reactivity. So, it sort of remains
for this toreally be followed up and nmy point here is that
when we are | ooking at antibody responses to novel strains
there is sonme level of cross reactivity occurring
potentially at the | evel of the HA across subtypes and that
is sonething that we need to better understand.

Moving forward to the nore recent experiences
with H5NL viruses as Nancy has clearly denonstrated there
are nultiple clades and sub clades circul ating that have
di spersed into distinct geographic regions and I can't show
you the data but we have done a fair amount of work with
our I ndonesian col |l eagues in 2004 and early 2005, assessing

sera fromagain the culture or PCR confirnmed H5N1 infected
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i ndi vidual s and in general we found the sane kinetics of
response that we saw in 1997, that the majority of
individuals if we got serumout |ong enough if the
i ndi vidual s survived such that sera could be obtained 14 or
nore days postinfection, then a magjority of individuals
made a good serum anti body response that ranged from at
titer of 1:80 to a titer of 1:1280 and in one individual
there we had the opportunity to go back 5 nonths | ater and
did see again that the sane anount of, the simlar
serol ogi ¢ response was retai ned.

So, nore recently lan and Maria Zanbon have
devel oped the horse red bl ood cell hemaggl utination
i nhi bition assay, and using horse red bl ood cells because
t hey have a predom nance of sialic acid in the two-three
| inkage to gal actose the preferred receptor for avian
i nfluenza viruses and this was shown in their studies to
enhance the detection of antibodies to avian influenza
viruses of the H5 and this is just a denonstration of the
simlarity in the response. This is a postinfection
response where the mcroneutralization titer was 1:20. |If
they used traditional turkey red blood cells they got
al nrost no H antibody but if they used the horse red bl ood
cells then they would achieve a fairly simlar |evel of H
titer conparable to the mcroneutralization titer and so in

many | abs now the horse H is being either, in our |ab we
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are trying to conpare it directly with the
m croneutralization assay and in sone | abs as Nancy
nmenti oned that are now doi ng nore extensive serol ogic
i nvestigations they are using the horse red blood cell as
a primary screening tool, and we showed using sera
collected fromthe first part of the N Al D supported
Vi et nam 1203 clinical study and these sera were obtai ned
t hanks to Linda Lanbert and her colleagues and we did a
di rect conparison in our |ab with horse H assay or our
m croneutralization assay and found a pretty good
correlation of the responses here with a correlation
coefficient of alnmost .9, and we found very simlar results
when we did a simlar analysis with antibody frominfected
i ndi viduals. The correlation was exactly the sane.

So, we have been involved in a nunber of studies
with international partners |ooking for the evidence of
asynptomatic or mlder infection with HS5N1 viruses and we
have really not seen any substantial evidence. |n Korea
potentially Dr. Chun Kang is wrapping up a manuscript now I
bel i eve where she has | ooked at over 2500 poultry workers
and found about nine positives and within that is included
| think one or nore individuals that seroconverted but
again that is a fairly small nunber of individuals with
t hat evi dence.

We have ongoi ng studies with coll eagues in
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Canbodi a, Russia, India and recently conpleted a study in
Ni geria which was |l ed by Mark Hetz and Justin Otiz from
our epidem ol ogy group and there they | ooked at poultry
wor kers that were involved in the culling operations during
the first outbreaks of H5NL in Nigeria, 320 individuals
with no evidence of using our mcroneut assay and a horse
H assay, so no evidence of seropositivity in that group
and Surinda Vong has al so published a first study where
they went back to look at residents in a village. So, these
woul d be the backyard farmers where H5NL infection did
occur in several humans and again found no evi dence for
mld or asynptomatic infection.

However, in another study that is ongoing at the
present tinme with our coll eague, Surinda Vong we have found
some evidence of infection and this is sera collected again
goi ng back to villages that had experienced human infection
with H5N1 and out of a total of about 600 individuals 7
i ndi vidual s were positive where the sera was collected 1 to
2 nonths out after the exposure and so you can see sone of
these are quite robust mcroneutralization positive.

However, when followup sera were collected 10 to
11 nonths | ater several of these had dropped bel ow what we
woul d call our |evel of positivity.

So, | think it is very inportant in doing these

studies that sera are collected in a tinmely manner and this
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may be an exanple of a nore rapid decline in antibody
because we were |l ooking at a mld or asynptomatic ill ness.

So, inthe last fewmnutes | just want to turn
to the H7 viruses. Miltiple subtypes of both | ow
pat hogeni city and hi gh pat hogenicity H7 subtype viruses
have infected humans. W had H/N2 virus isolated from an
adult male with respiratory synptons from New York in 2003,
and we were | ucky enough to obtain acute and conval escent
sera. So, this was obviously a North Anerican |ineage | ow
pat hogenicity virus. It was characterized to be very
simlar to the viruses that are circulating in the live
bird markets in the Northeast and we found in the acute
sera as you woul d expect there was a baseline | evel of
anti body but in the conval escent serum sanple collected 5
nonths later we found a titer of 1:80 and this individual
was Western bl ot positive also.

Earlier the previous year we had al so
i nvestigated 80 poultry workers that were involved in
cul ling operations during the 2002 outbreak of H7/N2 | ow
pat hogenicity H/N2 in turkeys in Virginia and one of these
80 individuals was found to nmeet our criteria for having a
positive neutralizing anti body response. He, also, had an
H7 1gMresponse that | wll show you in a nonent and this
i ndividual did in fact when we went back to the

epi dem ol ogi ¢ records report a tenporally rel ated
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respiratory illness. He had had no prior exposure to
poultry, but he did have a history of hunting including
bi rds.

So, again, for us this was the first
denonstrati on because this study was done in |late 2002, it
was the first denonstration of H/N2 anti body detection by
neutralization assay. So, we performed an absorption with
an H3N2 virus and we chose the H3N2 virus because in
structural studies the H3 and the H7 hemagglutinin are nore
closely related than the H7 and the Hl

So, we felt the H3 would be a representative
current contenporary strain and you can see in this
i ndividual that we failed to absorb out the anti body
response but only when we used the honol ogous or H7N2
virus, the turkey Virginia virus could we renove the
response, and we got a sim/lar response.

| should nention that the first serum was
coll ected 21 days after the start of the culling operation
and then we went back again having found this serum
positive, we went back 7 nonths |later and so by now the | gM
titer had di sappear ed.

Different results have been obtained in different
H7 out breaks and the one here is of course one where nost
nunber of individuals were infected in the Netherlands in

2003, where there were over 80 cases of conjunctivitis or
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conjunctivitis in ILI or a few cases of ILI al one but as
far as | understand there has been no serum neutralizing
anti body detected and one study by Mra et al that used a
horse H assay and a fairly |ow cut-off val ue determ ned
that there was a high seropositivity both in the
individuals directly in contact with the poultry and then
i n household contacts of those individuals although the
aut hors thensel ves say that this data nust be interpreted
Wi th caution because of the |ow seropositivity and | would
also like to add the | ower amount of virus that was used in
this H assay.

Finally nmoving back to North America in 2004
there was an outbreak of what turned into highly pathogenic
H7’N3 in British Colunbia. There were 650 federal workers,
but not all of those were exposed and in fact two
i ndi viduals were culture confirned. One had conjunctivitis
and coryza and a | ow pat hogenicity H7/N3 was isolated from
this individual. A second had conjunctivitis and headache
and the high path strain was isol ated although these two
viruses differed in their hemagglutinin | believe only by
one amno acid in the cleavage site, but again, neither of
t hese individual s made an anti body response in conval escent
sera; it couldn't be detected by neutralization, Wstern
bl ot or horse H and simlarly in a foll owup study of 167

cullers, the farners and fam |y nenbers were investigated
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and again they were all negative for serum anti body.

One ot her exanpl e where antibody has been
detected to H7 viruses is in the study fromthe Italian
group and includes Maria Zanbon's work, the study by
Puzel li et al where they | ooked over a nunber of years for
out breaks, two out breaks of |ow pathogenicity H/NL, O out
of 126 individuals tested positive. To high pathogenicity
H7N1 out breaks again 0 out of a |arger nunmber but where
they did find a small handful of positives was in two | ow
pat hogeni city H7/N3 out breaks in 2002 and 2003 where they
met the criteria for being mcroneutralization anti body
positive wth a confirmation by another assay.

So, just to conclude it seens for the H5NL
viruses that we can clearly associate neutralizing anti body
titers of greater than 1:80 in appropriately timed sera and
if we use this criteria for assessing the extent of
infection in poultry workers in Hong Kong in 1997, we al so
saw a significant epidem ol ogic association with this titer
with a nore intense exposure in the poultry workers.

However, taking all of the studies into account
t he seropreval ence for anti-H5 appears to be lowin
popul ati ons exposed to infected birds. However, as Nancy
mentioned there are quite a nunber of studies in China, in
Vi etnam Many countries have serum |large quantities of

serum banked up and they are only now just in the testing
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process. So, | think we really need to have a better
understanding and the other limtation mght be that in
mld or asynptomatic infections we nmay not be seeing a very
| ong-1ived response.

H7 viruses appear to pose nore of a problem
Serum neutralizing anti body to H7 viruses is often not
detected even though individuals are confirnmed to be
infected with the H7 virus by isolation or PCR So, what is
going on there? Is it just that our assays are not
detecting H7 viruses appropriately or in many cases H/s are
only causing conjunctivitis and is it that by that route of
infection we are not getting a consistent serum anti body
response?

Again, for the H5 it appears that there is a good
correlation with the horse H neutralization assay and |
think that remains to be an open question with the H7
viruses and nmaybe Maria can shed sone light onto that in
her presentation later. I will leave it there.

Thank you.

(Appl ause.)

DR KATZ: Oh, | just need to acknow edge ny
col | eagues in ny own teamin the branch and then our many
international partners that have contributed to this work.

Maybe there is tinme for one question if anyone

has a question or not.



162

Kanta, thank you.

DR. SUBBARAO  So, you have tal ked about how you
established the criterion of 1:80 based on the nunber of
sera that you had available in 1997, fromH5 infected
i ndi vi dual s. How woul d you propose to go forward with
subtypes that we haven't seen that many infections wth?
What is a good al gorithn? How do you think we should do
t his?

DR. KATZ: | nean we have been using the sane
algorithmand that m ght set the bar too high and that has
been a concern but | think the key thing that needs to be
done for any new subtype and any new variant within a
subtype is you need to do specificity analysis in a
popul ation in as many sera as you can get froma well-aged,
a broad age range of individuals and | ook what the baseline
isin terns of your serol ogical endpoint titers.

So, it needs to be done for each assay. It needs
to be done essentially for each virus as you nove forward
to do |live seropreval ence studi es because we have seen and
| think John Whod is going to talk a little bit nore about
this tonorrow, we have seen differences in specificity even
with sone of the different HS5NL viruses.

DR. SUBBARAC So, given that m croneutralization
is very virus specific would ELI SA be sonet hing we shoul d

be | ooki ng at harder?



163

DR. KATZ: In our experience at |east the
traditional indirect ELISA is not adequately sensitive in
adults. You get a very broad response and you need to have
very stringent baseline sera to again establish a cut off
and we never report that data in general because we don't
feel confortable with it especially 1gG IgMis alittle
clearer and it is alittle clearer in children where you
can get cleaner results in individuals that are clearly not
infected wwth H5 for exanple.

DR. COUCH. You caught ny attention a little bit
late with that H7 comment. The serol ogy for the
Mockering(?) infection was not of value in the Netherl ands
out break and do you have trouble getting anti body responses
in animal nodels like ferrets or chickens with H7?

DR. KATZ: No. You can, well, in nost of those
nodel s people are infecting themintranasally but a
majority of human infections with H7 viruses have been
conj uncti val

DR. COUCH: It was in the Netherlands outbreak
al so where the serol ogic responses not there either?

DR. KATZ: By neutralization they weren't and
per haps Maria can speak nore to that.

DR. COUCH. They were by H ?

DR. KATZ: They were by the horse H, but they

used a very low cut off and they used a reduced anount of
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virus to denonstrate it. So, it is a bit questionable.

DR. ALFONSO Thank you for your talk. I am
Cl audia Al fonso, WHO Ceneva. | ama veterinarian. | am an
ani mal doctor and I just want to clarify that avian
influenza is a disease of poultry but it very, very rarely
causes disease in wld birds. There are actually al nost
non- exi stent outbreaks of avian influenza in wld birds.
have a question regarding the cut off of the
m croneutralization assay, why it was chosen a positive cut
off of 1:80 rather than | ooking at what woul d be the cut
of f of, the negative cut off and then anything above that
woul d be consi der ed.

DR. KATZ: In essence that is what we have done. |
mean we used two approaches. W | ooked and said, "What are
infected individuals making in 14 or nore days; what is
their anti body response 14 or nore days out?" and the | ower
limt there was 1:80.

I f we | ooked at unexposed control individuals
over a broad age range in our assay we can find titers
anywhere from1:10 to 1:40. So, really we set that titer at
the next level up, twofold up of 1:80 as being the cut off.
So, we took both things into consideration essentially.

Ckay, | think we had better nove on.

Qur next speaker is Dr. Maria Zanbon and she is

going to be telling us about some of the vaccine clinical
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trials conducted in Europe using non-replicating avian
i nfluenza virus vacci nes.

Thank you.

Agenda Item | nmmune responses to non-replicating
avi an influenza vaccines in clinical trials conducted in
Eur ope.

DR. ZAMBON: Good afternoon, everyone. It is a
pl easure to be here with you. | would |ike to thank the
organi zers for inviting ne to speak to you.

Clearly pandem c vaccine studies are designed to
try to answer some key questions including what woul d be
the nature of the dose and the regi me of vaccines that we
could give to provide optinmum protection in a pandem c;
what indeed woul d cause the protection that we m ght be
| ooking for in anything that we could neasure serologically
be and what kind of |ongevity of response m ght we expect
and as we heard froma nunber of the various speakers there
are really quite a nunber of problens in trying to address
t hese questions. W have heard many speakers tal k about the
i ssues of inmunogenicity assessnent.

Now, you will notice on the slide | have actually
put a picture of the man on the nmoon and | did this
actually not in response to the earlier picture we had of
the Matterhorn representing | think an aspiration of what

we are trying to do or the difficulty of trying to make
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pandem ¢ vacci nes but rather to remind nme to speak about
t he | andscape for funding for pandem c influenza vaccine
studies particularly in Europe. The fact that we are
dealing with the lunar | andscape and perhaps those of us in
t hat | andscape havi ng conpari son of lunatics mght actually
not be | ost on sone people in the audi ence, but the reason
for saying that is that it has been a rather barren
| andscape until fairly recently, deserted and full of
unexpected pitfalls, shifting sands of alliances and
consortia and opportunistic rather than strategically
targeted to try to address questions.

So, although there is a substantial body of work
t hat has been done in the last 7 to 10 years on this |
think it is inportant to say that it isn't always easy to
try to pull together different aspects of the work that has
been done for sone of the reasons to do with |ack of
st andar di zat i on.

Now, the types of vaccine that are in use in
Europe are inactivated vaccines in general and clearly
there are a nunber of different sorts of inactivated
vacci ne, whole virus, split virus and subunit vacci ne.

Wen we had the | ast pandenic these vaccines
represented the majority if not all of the vaccines in use
at the time. In Europe currently these represent the bulk

of the vaccines which are used. Over 90 percent, probably
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95 percent of vaccines in use in Europe are split virus
vacci nes and i ndeed nost of the studies that | amgoing to
speak about have been conducted using these sorts of
vacci nes.

Sonme whol e virus vaccines are still manufactured
but they represent the mnority. I amalso going to say
sonet hi ng about adjuvants that are used. Cearly vacci nes
in general the use of adjuvants to inprove inmunogenicity
is a substantial research agenda in its own right. There
are many exanples of them The two that are |icensed for
use in Europe are alum m neral soils or emnul sions such as
MF59 based on squal ene. Qthers are experinental adjuvants
and sone vacci ne studi es have used experinental adjuvants
but the majority of vaccine studies | amgoing to speak
about have actually used |icensed adjuvants with good
reason. | think it makes nore sense in a comerci al
devel opment programto use sonething that is already
| i censed.

Met hodol ogy we have heard quite a | ot about,
different sorts of nethodol ogy for eval uation of
i mmunogenicity. | don't want to say too nuch nore about
this because | can just add to the coments about the
difficulties of standardization but | would nmake one point.
These are essentially bioassays and nore than that they are

dependent in general on key biological interactions at the
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receptor level. So, part of a research agenda in ternms of
t hi nki ng about nore, better and different assays really
ought to be to ask the question how do we find nore
obj ective neasures of antibody antigen interaction which we
can use in a systematic and organi zed fashion to substitute
for bioassays that in many respects have served well over
the | ast 40 years.

Criteria for evaluation of pandem c vacci nes,
partly why we are here today is to discuss these criteria.
| don't really propose to go through themin detail other
than to say that in discussing pandem c vacci ne studies
fromEurope | will be tal king about the way in which they
mat ch European guidelines for |icensure, and there could
be a whol e argunent about how useful those guidelines
actually are but they at |east represent a, if you like
fi xed goal post agai nst which the i nmunogenicity of vaccine
studies is actually evaluated and they are sim|lar but
perhaps not quite as stringent as the existing current US
FDA gui del i nes.

Jacki e has already nentioned sone of these points
| amgoing to make in the next couple of slides but the
earlier study that we carried out in 1998, using a
surrogate for 1997 H5 vacci nes showed us very clearly that
when we used standard tests we underestimated post

vacci nation responses where we knew from eval uati on of
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ot her met hodol ogy anti bodi es were actual ly bei ng produced.
So, that was the first clue | think that existing
met hodol ogi es were not going to be good enough and we woul d
need to think harder about how to detect antibodi es post
vacci ne.

In many ways listening to the remarks about H7
am rem nded of these early vacci ne studi es where we knew
that anti body was there or would very likely be there. W
just hadn't figured out how to neasure it.

Clearly there are a nunber of variables to talk
about in trying to pull together massive vaccine studies.
| mportantly the subtype that we ook at | think there are
sone | essons in common fromdifferent subtypes but also
some things which are different. The types of vaccine that
are used | have already nmentioned the substrate and the
route of delivery. Before | sort of go into a substanti al
nunber of trials | just want to rem nd you of some very
early data from 1977 whi ch nakes an inportant point about
antigen dose and in fact we have al nost had to redi scover
it 20 years |later.

I n an unprimed popul ation given HLN1 whol e virus
vaccine in order to achieve what we m ght consider to be
an appropriate serol ogi cal response we really need to be
gi ving high doses of antigen and in a prined popul ation

that is nuch less or if we give a two-dose schedul e that
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al so requires nmuch | ess henmaggl utinin. W al so | earned
fromstudies in and around this time that whole virus
vacci nes tended to give rather better inmmune responses than
subunit vaccines and in a way we sort of rediscovered sone
of that as points all over again nost recently with H5NL

Al t hough | have already discussed in sone aspects
this Ho5N3 study | want to nmake a point here which I wll
come back to later follow ng sonme recent data of ours.
| ndi vi dual s gi ven H5N3 subunit vaccine with or w thout
adjuvant really didn't nmake a particularly good response if
t hey were given subunit vaccine without an adjuvant. In
fact they would not have net licensing criteria as applied
to these vaccines. The adjuvanted vacci ne however clearly
did provide a reasonabl e i mune response suitable to neet
licensing criteria after a second shot but | ask you to
remenber that point when | cone back to sone very recent
data | ater on.

Wen we gave sinmlar vaccines as part of a
separate trial to | ook at nmucosal delivery we gave it in a
trivalent formulation. W found that the H5 vaccine
responses were as we woul d have expected from a nonoval ent
formul ation proving the point that at | east we could if we
needed to include H5 with seasonal flu vaccines and not see
any particular inhibition of response either to seasonal

flu vaccine antigens or of the Hb.
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Now, the pace of vaccine studies has escalated in
the last couple of years | think in response to the threat
fromHSNL and this is just a summary of what | know to be
t he ongoi ng vacci ne studies worldwide. | nean | may well
have m ssed sone fromthis slide which actually appeared in
Nature | think earlier this year, ny point being that there
are a lot of different things going on involving a | ot of
di fferent conpanies and different formulations and rather
than trying to go through each one of themwhat | tried to
do is to rank them and pick out what we think |look Iike the
conclusions froma body of work and the kind of general
direction of the information.

The early trials, part of the NNH initiative
indicated very clearly that if you used a split vaccine as
an adjuvant you would really need high doses of
hemaggl utinin to achieve what you thought or what could be
considered to be reasonabl e i nmune responses and as tine
has gone on with various different studies declaring over
the last year or so particularly data being presented from
conpani es at WHO regul ar neetings it has becone cl ear that
anti gen-sparing can be achieved particularly using whol e
Vi rus vacci nes or subunit vaccines with powerful adjuvants
and i ndeed one recent study described at WHO whol e virus
vaccine with alumindicates that you can achi eve that sort

of regulatory barrier if you will with a single dose of 6
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m crogr amns.

So, sone trends energi ng about the possibility of
antigen sparing and sone concl usions reflecting probably
al so what had been seen in 1977. Wol e virus vacci nes were
alittle bit nore i mmunogenic than subunit vacci nes and
indeed if we nove to a different subtype our work with HON2
di d suggest that |ower doses of antigen we did see rather
better responses with whole virus than with subunit
vacci nes and we saw the nodest or rather the Hehne group,
t he GSK Hehme group in 2002 saw sone nodest adjuvanting
activity with whole virus vaccines using alumindicating
again the possibility of sone further antigen sparing there
and our recent studies with H, that should say H7N1l
indicate quite clearly that alum does have an advant age,
not a huge advantage but an advant age when | ooki ng at
subunit vaccine made in the Percy(?) six cell environnent
but interestingly given the conversati ons we have just had
about H7 anti body responses in general the responses that
we saw fromthis H7/NL vaccine trial were poor even by early
experience wwth H5. Wth reasonabl e doses of henmaggl utinin
wi thout alumwe really did see sone very poor anti body
titers and so | think with H7 particularly when we are
com ng back to thinking about non-H5 vacci nes we are al nost
back to square one of actually understandi ng how to neasure

i mmune responses. So, what are the conclusions in regard to
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dose and adjuvant? W need a high antigen dose w thout
adjuvant. | think we have proven that several tinmes in
different ways. Al um adjuvant has a nodest effect. It is
not al ways predictable and seens to be sonmewhat dependent
on antigen type.

More powerful adjuvants such as MF59 and AS,
unl i censed but squal ene-based adjuvant from GSK do show
significant antigen sparing and these do not affect, so far
do not appear to be affected by trivalent fornulation.
Whol e virus vaccines may be nore i mmunogenic with or
wi t hout adjuvant but the caveats in regard to trying to
sort out and summari ze these data are the standardi zation
of the vaccines thensel ves and the i munogenicity neasures.

What about age-rel ated responses? Pediatric
studies are in progress in the European Union. So, we don't
actual ly have any data on those at present but we do have
sonme data in regard to vaccination of the elderly and this
guestion of pre-existing antibody.

Jacki e has already nentioned sonme of the data
t hat we found when we | ooked at our H in two vaccine
studi es. Wien we | ooked at individuals who were over 35
years of age that is who woul d have had pre-existing
exposure to HZN2 we did find rather better responses to
vacci ne whet her these were whole virus or whether they were

subunit and perhaps of interest we did notice that we
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didn't see nmuch of a dose response although we didn't see
much of a boosting response when individuals becane
positive after the first vaccine. W didn't see much
addi tional benefit froma second dose and i n younger
i ndi vidual s we saw that whole virus vaccines were a little
bit better perhaps than subunit vaccines.

If we turn to H5 it has already been nentioned
that there is sonme evidence of a pre-existing H5 anti body
in the popul ation.

Certainly when we have undertaken age-rel ated
seropreval ence studies of the United Ki ngdom popul ati on
where we don't expect to find H5 anti body we do find around
about 10 to 15 percent of the population positive in the
ol der age groups which have a test which we choose to | ook
at and interestingly data presented earlier this year at
WHO in a Phase Il study of H5N1 subunit vaccine with alum
adj uvant conducted in elderly in France if you | ooked, if
you took the elderly individuals enrolled about 16 percent
of them had a detectable antibody at baseline to H5 and if
you | ooked at the way in which those individuals responded
to vaccine the individuals with a pre-existing antibody did
not seemto derive nuch benefit froma second shot of
vacci ne and i ndeed responded quite well fromthe first shot
of vacci ne.

So, pre-existing vaccination anti-H5 anti bodies
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were seen in about 16 percent of that elderly population in
France. Two doses were needed to optim ze the i mune
response in the popul ation wi th undetectabl e anti bodi es but
the elderly with pre-existing anti bodies didn't seemto
derive much benefit froma second dose.

The pre-existing anti body that we found, we did
find some and the HON2 anti body study seened to correlate
best with exposure to HZN2 and | woul d echo Jackie's
comment s.

| do think observations of this sort are if you
I i ke hypot hesis generating even if not hypothesis testing
and there are sone hypot heses which could be tested here
about heterosubtypic anti body and its useful ness.

| f you |l ook at a population that has definitely
been primed taking H2ZN2 vacci ne we see that the way that
ol der individuals who have definitely been exposed to H2N2
behave in a simlar way to those that we suspect had been
pri med heterosubtypically.

Movi ng now to the question of diversity of
i mune response in our first studies we vaccinated with
H5N3 but clearly as events unfolded with H5NL it was
i nportant to ask how well woul d vacci nees who were
vacci nated with H5N3, how well would their sera protect
agai nst later and devel oping strains and this is work done

in collaboration Jackie and her group at CDC where if you
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recall we vaccinated with adjuvanted and non-adj uvant ed
H5N3 and what we could clearly see is that the vacci nees
who had received adjuvanted vacci ne had a nuch better, nuch
greater response against drifted strains probably to do
with the height of the antibody response.

More recently and of course that was vacci ne
usi ng squal ene-based adjuvants, nore recently we have asked
simlar sorts of questions with vacci nees who received
reverse genetic virus subunit with alumand what we see
there is the kind of cross reactivity which you would
predi ct fromani mal nodel data fromferret antisera and you
see clearly that vaccinees receiving the vaccine strain do
show reactivity against nore drifted strains but obviously
reduced in titer.

One interesting observation here is that if you
do this work with wild-type strains as conpared with
reverse genetic strains you do appear to pick out higher
antibody titers and potentially show evidence of rather
better cross reactivity another nethodol ogical point to be
considered in regard to the use of wild-type strains versus
reverse genetic strains in the nethodology but | don't want
you to take fromthat that | think that the eval uation of
t hese sorts of vaccine studies can only be done or should
only be done with wild-type strains.

What | nmean by this is that if we |ooked at the
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neutralizing antibody titers against that sanme neut 14 and
its honologous wld-type strain we see a sort of a shift
of the actual data, scatter points towards detection, nore
sensitive detection with wild-type strains and we have seen
this with several H5NL strains. So, | just include two here
for exanple, the Vietnam 1194 and the Turkey/ Turkey 05
strain and | think this relates to the way that we neasure
t he expression of our protein in highly pathogenic strains
where vyou have a very fast reputation kinetic.

So the broad response to diverse strains we do
see cross neutralization when we use several different
vaccine types. That is both with the squal ene-type adjuvant
and indeed wth the alum adjuvants and the kinds of cross
reactions that we see are in line with the animal data. W
suspect that the height of the antibody response is
i nportant and we don't see, | should just say it in regard
to the nost recent data | showed you with the H5 strains,
it doesn't seemto be a particular advantage with al um
adjuvant in terms of a cross reactivity that is used and
the cross protection may be, cross neutralization | should
say may be inproved with adjuvants such as MF59 and AS but
this may reflect the higher antibody titers that are used,
are generat ed.

Now, what about a final few m nutes on boosting

experinments. Here is an exanple fromthe Australian CSL
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vacci ne study using plain alum adjuvant ed subunit vaccine
and you see with the 7.5 mcrogranms at 42 days foll ow ng
t he second dose you see a really rather nodest inmmune
response in line with what you would predict from ot her
studies. By 6 nonths that has declined to close to zero but
not quite zero, a little bit detectable and comng in with
the third dose at 6 nonths you do see a reasonabl e boosting
anti body response.

So, that is I think the sort of response that one
expects for honol ogous boosting and is in line with what we
saw when we did nore or less the sanme sort of thing with
H5N3 where we went back after 16 nmonths and boosted
i ndi vi dual s who had received the HSN3 vaccine and we did
see boosting even in the individuals who hadn't received
adj uvant .

Now, we wanted to ask what woul d happen if we
went back to those individuals who had received H5N3 in
1999. They were given a wild type vacci ne which was H5N3
and a subunit vaccine. W wanted to ask what woul d happen
if we went back and boosted themin 2007 with a reverse
geneti c vacci ne.

Now, plainly we had a small study to start with
So, it was a question of whom could be found to be
revacci nated but we did end up with about 15 per group and

we haven't attenpted to segregate them according to the
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original dose that they received but if they received an
unadj uvanted vaccine in the first instance they received in
t he second, they were grouped but they received an
adj uvant ed MF59 vacci ne the second tinme around and we
anal yzed them separately and the control group here are a
newy recruited naive group to H5 vacci ne.

W were rather surprised with the scale of the
anti bodi es that we actually detected. At 8 days foll ow ng
vacci nation you can barely detect anything in individuals
that are unprined. In individuals that had recei ved H5N3
vaccine 8 years previously we saw a very vigorous imune
response even at 8 days which would actually have net
licensing criteria. Having said that this is a very snmall
nunber of individuals which didn't actually increase very
much over the course of the next few weeks including with a
second vacci nation day 21 although the results that we saw
with the unprined were really as we woul d have seen
previ ously.

If we try to put the scale of these responses
together wth what we have seen with different kinds of
boosting these are the sorts of, | wanted to do this to
gi ve you the kind of scaling of these rather inpressive
boosti ng responses that we saw

So, this was the Australian honol ogous boosti ng.

He are John Treanor's responses w th reconbi nant
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hemaggl utinin given at 90 mcrograns to those who received
the initial 90 m crogram dose 7 years |ater

Here are those individuals who received plain
subunit vacci ne which woul d not have net any |icensing
criteria boosted 8 years later with an adjuvanted vacci ne
and here are those who received an adjuvanted vacci ne and
t hen boosted with adjuvanted vaccine nmuch | ater.

So, part of what we are here to discuss and has
al ready been alluded to is is serumanti body necessary for
protection. W have had sonme questions about or people have
al luded to data that have been denonstrated with H5NL in
the nurine nodel where limted anti body or no anti body
doesn't correlate survival with fromlethal challenge and
we have al so seen this nost recently with our H7NL | etha
chal l enge in the murine nodel where indeed agai n chall enge
with a highly pathogenic virus in the absence of anti body
does actually lead to survival follow ng vaccination

So, you know there remain some questions about
what | evels of serum anti body, what are we neasuring in
terms of protection and | give you that exanple of the
booster study where any criteria that we m ght have applied
for licensing woul d not have been net; yet we clearly
achi eved a boosted response.

So, to just finish the serological assays have,

there are quite a few serol ogi cal assays. W don't
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presently use SRH as we find it does need to be optim zed
for recent H5N1. Western blot is useful for confirmation
and further inportant data nay accrue from anal ysis,
careful analysis of different fornms of hemagglutinin you
can detect particularly in native virus and we agree ELI SA
is problematic. W don't find this particularly useful.

Qur experience with the bacul ovirus expression of
hemagglutinin is in fact that if you are going to get
anyt hi ng meani ngful out of it in terns of specific antibody
response you need to use HAl rather than the full |ength of
hemaggl uti ni n.

So, ny key nessages based on our European Union
experience is that antigen sparing is possible. Cross
protection against diverse viruses within a subtype is
likely.

| Mmunity can be maintained if you want to call it
that after 5 years post-vaccine even if antibodi es decline
and | think there are sone inportant questions about the
ef fect of pre-existing heterosubtypic antibody for want of
a better word and | definitely think we should nove from
hypot hesi s generating which is what a lot of this
observational data is to hypothesis testing.

The lunar | andscape is a little bit less |lonely
these days in Europe and I would particularly like to

acknowl edge work from many, many different people in
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particularly the flu lab at HPA, very dear coll eagues at
NI BSC, in particular John Wod and D ane Maj or, our
clinical colleagues at University of Leicester w thout whom
much of the clinical work for these studies would not have
t aken pl ace, our colleagues in University of Bergen, Lars
Haahei m Becky Cox and many of the European vacci ne
manuf act urers who have been extraordinarily generous wth
their time, resources and col |l aborations to hel p make sone
of this data happen.

Thank you.

(Appl ause.)

DR. KATZ: W have tine for one or two questions.

PARTI CI PANT: | would like to | ook back a little
bit. | renmenber at the tine that the subtypes for influenza
A were being established at a neeting in Geneva, that if |
recall correctly sone cross reactivity anong H5s and Hls
was shown wi th nonocl onal antibody out of Wnston's group.
| s that confoundi ng some of these anal yses particularly of
your slow response to adjuvant? This is perhaps not
necessarily directed at you, Maria but others as well.

DR. ZANBON: | don't think so. | nean it is a fair
poi nt because if we were going to pick on any kind of cross
reactivity for H5 we woul d probably pick on HL as being an
i mportant indicator but | don't believe that the data that

we have there, particularly the boosted response actually
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represents Hl although it is a good point and one which we
haven't really pursued and |I thank you for rem nding ne of
t hat .

PARTI Cl PANT: You have to define your popul ation
with respect to the whole arena of HL. That is the problem

DR. KATZ;, Ckay, one nore question.

PARTI Cl PANT: Just to push your hypot hesi s-
generating figure around the HON2 pre-existing immunity
perhaps a little further it does look |like there is a
normal distribution around the H2N2 birth cohorts and | am
interested in what mght be the explanation for older birth
cohorts who al so woul d have lived through that pandem c
experience why they woul d not have pre-existing inmmunity as
wel | and whether that may be invoking sone kind of original
antigeni c sin hypothesis

DR ZANBON: You know one hesitates to construct
enormously how can | say, el aborate hypot heses based on
very small data sets. | don't think that one wants to
really say what we nmeasure as pre-existing H9 antibody is
definitely due to H2, but it is sonething that does need to
be sorted out, and | agree it is a logical fallacy in the
actual data that we have.

Jacki e's point earlier about when you nove into
working on a different subtype one of the things you really

have to establish is |ooking at popul ati on-based data in an
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age-stratified way so that you have got a really good
representation of what is in the population.

That particular study that we had was really
based on 18 to 50 year olds | think with relatively few
people. So, we weren't properly exam ning that.

DR. KATZ: | think due to tinme we will nove on to
the | ast speaker before we take a coffee break.

The next speaker is David Cho who is going to be
tal ki ng about i mmune responses to non-replicating avian
i nfluenza vaccines in clinical trials in the US.

Agenda Item | nmune responses to non-replicating
avi an influenza vaccines in clinical trials conducted in
t he USA

DR CHO M nanme is David Cho. | ama Program
Oficer within the Influenza G oup at NTAID with within the
Di vi sion of M crobiology and Infectious Di sease and | was
given the task of tal king about clinical trials for
pandemic flu within the United States and specifically of
the trials that we have been involved with within our group
at N Al D.

So, the outline of the talk in general is to give
a summary of the series of clinical trials evaluating the
i nacti vated pandem c influenza vacci nes and so we have been
involved with 12 trials right now that have been conpl et ed

or are in progress with H5N1 and then | have a slide or two
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on HON2 trials that we are working on and a pl anned H7N7
trial.

| am not going to be tal king about the live
vacci ne because | think that is going to be the subject of
atalk later on and if | have tine later on | have a slide
or two just tal king about new influenza vaccine
t echnol ogi es that are under devel oprent.

| think Dr. Fauci did a very nice job this
nmor ni ng tal king overal |l about our influenza research
program w t hin our group, but we do have a concentration of
t he vaccines and of course on clinical trials whichis a
topic today and just to reiterate again the outbreaks that
occurred for bird flu back, well, it was pointed out a
decade ago but also recently in the |ast couple of years
pronpted NTH to start | ooking at doing some nore
devel opnent of vaccines for HS5N1L and so we started to work
with our partners and at that tine what we needed to do
was gain experience with technical and | ogistic issues such
as generating vaccine reference viruses with reverse
genetics, support the conpani es who produced the vacci nes
and al so standardi ze and qualify assays and provide
reagents.

These are all topics that we are tal king about
today, also, and in addition of course to rapidly

i npl enenting the controlled clinical trials of various
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popul ati ons we want safety and i munogenicity | ooking at
all popul ations, adults, elderly and children and rapidly
provide trial results to the global conmmunity.

So, this was our goal, and at that tinme just
qgui ckly going over this slide we had a contract with St
Jude's and on ani mal influenza surveillance but we also
used this to help us with produci ng sone vacci ne using
reverse genetics to generate sone vaccine reference viruses
suitabl e for vaccine production such as the Vietnam avi an
now 1203 and just an announcenent that we have started to
have sone contrasts that we use to devel op our vaccines for
H5N1 and sonme of the obstacles that we realized fromthe
begi nni ng were nenti oned before, just gaining the
experience for technical and |ogistic issues and so
generating the reference virus using reverse genetics,
sel ecting age and exenption issues. W needed nore
reference reagents for standardization, also, working with
obtai ning the vaccine fromthe manufacturers with |icensed
products and to evaluate the safety and i munogenicity of
HS5NL in well-controlled studies in different popul ations.

Al so, there were no internationally, at that tine
no internationally recogni zed standards for use in HAl or
m croneut assay validation studies. W knew that avian RBCs
or the turkey and chicken red blood cells have limted

sensitivity for HoN1 viruses and so the horse RBCs inproved



187
assay sensitivities for H5NL

Sonme of the caveats, there was no defined
correlation of any H5 anti body assays with protective
clinical outcones and lab to lab variability in assays
limts our conparisons between the studies.

So, within our institute we had a contract out
wi th Southern Research Institute and they served as our
central l|aboratory for performng the serological tests for
H5N1 clinical trials and we used the horse RBCs for H5N1
and we had serol ogi cal assays, SOPs for HAlI devel opnent
report filed to the IND and | believe | heard recently that
our mcroneut, | know the mcroneut SOPs and then the
devel opnental report | believe have been filed al so.

Just to nention this, we are very consci ous of
wanting to have reproduci bility, consistency. W wanted to
have robust assays in place and so far from what we have
seen we have seen good correl ation and conparability
bet ween the HAI and the m croneut assays.

The trial that you have probably all heard nuch
about we worked with Sanofi Pasteur to devel op an H5NL
vacci ne and we conpleted a series of clinical trials to
eval uate the vaccine safety and i mmunogenicity. So, we
| ooked at adults and we | ooked at elderly and within the
adults and elderly we had four different groups of 7.5, 15,

45 and 90 micrograns for HA per vacci ne dose and we al so
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had a pl acebo. W, also, |ooked at children aged 2 to 9
years and had a 45-m crogram HA dose also in a pl acebo
group there, too.

We, also, had did studies in two or three doses
of H5N1 vaccine or placebo IMinjection approxinately 1
mont h apart and our endpoints were to | ook at safety which
was to | ook at the vaccine reactions and al so | ook at the
anti body responses which in our case we were | ooking at the
hemaggl utinin inhibition assay and m croneut assay, and the
results were published within the New Engl and Journal of
Medi ci ne back in March 2006. Treanor et al published this
and you can | ook at that paper for the specific information
but in general a summary of what we found was that the
vacci ne was found to be safe, well tolerated at all the
dose levels in all the age groups and then the anti body
responses were dose dependent.

So, the higher the dose the higher the titers.
The titers were simlar across all the age groups and the
third dose, after the third dose boosted titers back to
post - dose 2 | evel s.

The assays as | nentioned were simlar in trend
and in the results. So, | nmentioned at that tine we had the
hemaggl utinin and inhibition assay qualified. The m croneut
assay was al so used at that tinme and we did see long-term

consi stency.
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Just a kind of a general overview of the results
fromthat trial, like | said, you can go to the paper for
nore specific results or specific information there. In
general there wasn't a significant difference between the
di fferent age groups that we saw within the 45-ni crogram
group and then within the 90-m crogram group we haven't
seen significant differences to date.

This vaccine went forward to FDA, and it was
approved. So, it was again the first US vaccine for humans
agai nst H5N1 approved earlier this year, April 2007, and so
we had nore questions we wanted to ask obviously and so one
of the questions that we wanted to ask was can the
intradermal adm nistration of the H5NL vacci ne inprove the
i mmunogenicity. So, we did a conparison between the
i ntradermal versus intramuscul ar routes and we | ooked at
heal thy adults that received two doses approximately 1
nont h apart.

The intradermal group received 3 ngs or 9
m crogranms and then the intranuscul ar group received 15
m crogranms or 45 mcrograns and the results so far are that
we have seen that it has been well tolerated but that there
hasn't been a very clear advantage of the intradermal route
at dosages that we evaluated, the 3 and the 9 m crograns.
The third dose. At the third dose at the 7-nonth mark the

antibody titers seened to decline but boost back to at
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| east as high as 1 nonth post-dose 2 |evel.

So, we wanted to | ook at a higher intradermal
dose trial and that trial is ongoing at the nonent. So,
results are pending.

The ot her question that canme up was can a clade 3
vaccine prinme for a clade 1 vaccine response. So, if you
remenber back from 1997, 1998, those cases that received
the clade or were exposed to clade 3 virus we had 37
subjects in this re-vaccination study who received the two
doses of the reconbi nant H5HA vacci ne, the clade 3 vaccine
back in 1998 and 1999, and these 37 subjects were now given
a single 90-m crogram dose of the Sanofi H5 vaccine in 2007

The results fromthat, fromthe 37 subjects, we
found that the anti body responses in the prinme subjects
conpar ed agai nst the H5 vacci ne naive subjects were that
t hey exceeded those who were unprinmed and they exceeded
those in the original 1998-99 study and they exceeded those
who received the two tinmes 90 m d-doses of vaccine. The
responses we are not exactly sure but the responses coul d
be due to generation of long-lived nmenory CD4 cells or
menory B cells. | think we can have nore of a discussion
and nore experts out there to be able to help us to answer
this question. The new clade 2 H5N1 vaccines will provide
nore opportunities to assess immunol ogi cal primng. So,

this is in production now.
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So, we had a nice sunmary earlier of some of the
type of adjuvant trials going on in Europe and not all of
these trials are within the US but the ones highlighted in
blue are the ones that we are particularly working wth,
but I thought it was a good a sumary to show you what is
going on basically within the field of trials with
i nacti vated H5NL vacci ne using an al um al um num adj uvant
base.

So, there are nunerous trials conpleted or
ongoi ng or planned. The published trials, Sanofi Pasteur
has a published trial that they have | ooked at, two doses
of vaccine at three different dose | evels using the alum
So, far they have seen it has been well tolerated and the
adjuvant resulted in no significant increase in the
i mmunogenicity so far.

Si novac has al so done a trial using two doses of
whol e viral vaccine at different dose levels with alum It
has been well tolerated also and their two tinmes ten
m crogram dose vacci ne seened to give the highest response.

Those studi es have been conpl eted but prelimnary
results have been reported and are still ongoi ng and
i nvol ved sone of the ones |listed here, and we are working
particularly with Novartis with nmultiple doses, the 7.5, 15
and 30 m crogram doses plus or mnus alum in addition with

wor king with Sanofi al so on their alum adjuvanted vacci ne
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in the adults and within the elderly population.

So, in summary it seens to be that the safety
profile is that these vaccines are well tolerated in the
adults and in the elderly. The picture in alum adjuvants so
far does not appear to significantly enhance the i nmmne
response to H5N1 but as you can see we have ongoi ng studi es
goi ng on.

So, there are also quite a fewtrials with other
adj uvants as you have heard of and several trials have been
conpl eted or are ongoing and one of the trials that we are
working with particularly is with Novartis in the UK with
and wi thout their MF59 adjuvant and the trial that we are
wor ki ng on so far we have seen that we can go down to as
| ow as the 7 point mcrogramdose so far and the safety
profile also shows that this is reported to be well
tolerated within the adults and these studies need to, are
obviously ongoing and | listed GSK as another group that is
| ooking at it |I know that several other conpanies are al so
| ooking at this, too.

We, al so, have been working with Baxter to | ook
at their inactivated whole viral H5N1 vaccine and so we
have a Phase I/11 trial to evaluate the dose related safety
and i nmunogenicity within the adult popul ation.

This is a two-dose trials, approxinmately one

nmont h apart and at several dose levels, the 3.75, 7.5, 15
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and 45. This was unadj uvanted or a pre-absorbed with al um
m xture and so far fromthe safety results we have found
that it has been well tolerated and the inmunogenicity is,
the results are pending at the nonent. W hope to have it
in the early quarter of 2008.

We have many upcomng trials that we are | ooking
at, too, totry to get a better picture of what is
happeni ng with H5N1L or what the vaccine possibilities are
for different clades and so the previous studies for clade
1 strains of H5N1 | have nentioned but we are | ooking at
cl ade 2 and as has been shown to you several tinmes there
have been multiple clades, the clades 2.1, 2.2 and 2.3 and
so we are targeting trials wthin each of these subcl ades
to be able to | ook at what is happening within the
popul ati on.

We are | ooking at the A/lndonesial/05, the
reassortant A/l ndonesia/05 for clade 2.1 and so that
clinical trial is planned for the late part of this year
and the other clades, 2.2 and 2.3 we hope to get this going
soon. There is vaccine production ongoing at the nonent.
You can see who we are working with and the trials are
pl anned for sonetine next year.

W, al so, have been | ooking at other avian strains
such as the HON2 and the inactivated HIN2 vacci ne plus

adj uvant was eval uated and we worked with Novartis. This is
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i nactivated HON2 subunit vaccine and we did this with and
w t hout MF59 adjuvant and this was done within 96 healthy
adults and at two doses of the different dose |evels, so
3.75, 7.5, 15 and 30.

Again, the safety profile showed that this was
well tolerated. The antibody titers and the frequency of
the responses were higher in all doses with MF59 than any
dose without adjuvant and the single 3.75 mcrogram dose
i nduced an antibody titer that reached the bench mark many
consi dered or we considered to be predictive of protection
at the time. So, the 3.75 m crogram dose seened to have
type of effect there, and the results you can see the ful
study in this publication |isted.

So, one of the trials we have planned is this
H7N7 vaccine trial. We want to | ook at the subunit vaccine
t hat has been produced by Sanofi Pasteur and we hope to
| ook at this Phase | trial to eval uate against a dose-
rel ated safety and i nmunogenicity within adults, healthy
adults and the planned dose levels are 7.5, 15 and 45
m crogranms, two different doses approximately 1 nonth
apart.

Before | nove on to this part here |I just wanted
to give you a summary basically of currently where all of
those trials were within our institute and that we are

| ooking at nmultiple different areas of different vaccine
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possibilities.

So, | wanted to nove on a little bit to a
different area here, sone of the major chall enges of the
vacci ne devel opnent and availability and I don't really
need to go into too nuch nore of the detail but obviously
we need to |l ook at different other vaccine production
aspects and then al so accel erating the devel opnment of the
nodern vaccine itself here as well as different
technol ogi es and new targets for antigens.

So, just to kind of end on this note of |ooking
at different new platfornms, too, the reason why | just
bring this up is that there is a lot of interest in a |ot
of vacci ne candi dates | ooking at broad spectrum
possibilities.

Several of us | think attended a WHO neeting | ast
week where we saw a | ot of potentially great candi dates out
there that are going to cone across questions down the road
here of how to proceed with themand a | ot of tal k of
correlates of protection and correlates of imMmunity cane up
in that neeting.

So, you can see that with all these new
technol ogies that we really need to explore those questions
i n depth.

So, the progress of our H5NL vacci ne devel opnent

programw thin our institute has been so far we have
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successfully used reverse genetics for the vaccine
reference virus production and we are trying to devel op
assays, reagents, strain libraries to standardize
everything there and efforts are under way to try to
decrease the lab to lab variability and so that is why it
was inportant for us for exanple to work closely with SR
during our vaccine trials totry to get it standardized as
much as possible there and of course we need expanded
manuf acturing capabilities. That is definitely needed and
conti nued devel opnent and eval uation of the nultiple
approaches that | had nmentioned at the end and t hroughout
the talk, the adjuvants, different substrates and the
delivery devices or routes and probably you have seen this
slide many tinmes. This is ny last slide | think it is a
prerequisite if you work for NTAID to have this on your
slide but definitely it is true though. W definitely need
to approach this as whatever we can find for pandem c and
solutions we can find for pandemc wll definitely help us
wi th our seasonal vaccine eval uation.

So, | think that is it.

(Appl ause.)

DR. KATZ: Any questions for David?

PARTI CI PANT: A lot of our efforts are geared
towards H5 or maybe even H7 and a little bit against H9,

but isn't it equally possible especially nowthat H5 is
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goi ng down in human i nfections that we get surprised by an
H13 or an H8 or that H2 cones back and are you doi ng
anything to nake sone vaccines for all of then?

DR. CHO There is definitely a possibility that
any of those strains could come out. | don't think I would
be telling the truth if | didn't say that there was a
possibility. Currently we don't have anything specifically
planned in terns of trials but we have had di scussions
about what we would need to do if sonething |like that would
conme up. So, there has been a lot of internal talk about
what we mght need to do for that but currently in terns of
some of the production aspects we don't have anything
currently right now ongoi ng.

DR. VWRI GHT: Peter Wight. | want to ask a broader
guestion as to whether the poor immunogenicity in general
of certainly unadjuvanted vaccines is a result of the
strain, a result of the assays or a result of this being a
novel inmunogen and what you nay be able to | earn from
| ooki ng in young children who are indeed undergoing their
first exposure to influenza with vaccination.

DR. CHO A very good question, a | oaded question
Definitely I think that we need to find out nore
i nformati on about exactly what is happening with the
adjuvant itself. What these trials were in place were to

get sonmething out in the manner, in an expedited nanner and
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we | ooked just conpletely at just like the AlJls and at the
neuts and now we are starting to be able to expand and
start | ooking at sonme of these other possibilities |like the
adj uvant ed vacci nes that you nenti oned.

| think that | have a portfolio where we do a | ot
of vacci ne devel opnent trying to | ook at adjuvants and
there is a lot of groups that are trying to |l ook at that
guestion of what exactly is happening and | personally
don't know if | can give you an answer other than | think
all of those things that you nentioned are possible. It
could be any of those things really or a conbination of
things that actually could Iend to that.

PARTI CI PANT: How nuch cross reactivity do you
see in the antibody response to the vaccines that you have
tested so far against clade 1 in terns of testing agai nst
clade 2 or the various subcl ades?

DR CHO | don't knowif | have the specific
answer for the cross reactivity because I wasn't involved
necessarily in all the trials. | am/looking at some
col | eagues to see if there is any answer for the cross
reactivity.

Sorry.

DR. TREANOR: You know at least with the
unadj uvanted clade 1 vaccine there is relatively little

cross reactivity to clade 2 in the limted nunber of
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sanpl es that were tested.

When we | ooked at people who had gotten clade 3
and followed by clade 1 still npbst of the response was
directed towards clade 1 but their response is a little bit
nore broad. One thing that we didn't see was that people
who had been originally vaccinated with the Hong Kong when
they are re-vaccinated with the Vietnamwe don't see a
twi sting of the response predom nantly towards the Hong
Kong. So, in that sense we didn't see anything that | ooked
like original antigen in that sort of small sanple set.

PARTI Cl PANT: M second question is how | ong does
t he anti body response that you see that boost with the
third dose, how |l ong does that |ast?

DR. CHO | mght need hel p again.

DR. TREANOR. To my know edge the only data that
exists is at the 1-nonth tinme point after the third boost.
We saw no evi dence of antibody to Hong Kong in people who
had received the vaccine 8 years previously. So, by that
poi nt there was no detectabl e Hong Kong anti body.

PARTI Cl PANT: I n your portfolio of work | ooking
particularly with the adjuvanted vacci nes do you have
studi es underway or planned for the quality of the immne
response as well as the quantity of the i mmune response?

DR. CHO Specifically no because the portfolio

that we have, we encourage, our portfolio is based off of



200
the ideas that cone fromour comunity and what they are
| ooki ng at and right now not specifically | ooking at those
areas al though there has been a |ot of discussion to try to
target those areas because that is really kind of the next
step to look to see exactly what has happened with those
adjuvants. So, it is an area that we have been just having
a |l ot of discussion about that we are trying to open up
possibilities for.

PARTI Cl PANT: | amgoing to follow up on John's
point. I don't think he has actually seen this data yet, at
| east not the analysis but we did nenory B cell ELISPOls a
| a AMED(?) on those re-vaccinated subjects and in those
that responded to H5 vaccination very well in terns of
i ncreased frequency of B cells they also tended to respond
to HL at least the currently circulating strain of HlL. So,
again there is sonme evidence that there m ght be sone | eve

of cross reactivity but that again, renmenber that doesn't

nmeasure protective antibody. That is not functional. It is
nore |ike an ELISA. So, | amnot quite sure what that means
yet.

DR. KATZ: kay, thank you, David.

| think we are going to take a 15-m nute break
now and then return for the final three speakers in the
sessi on.

(Brief recess.)
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DR. KATZ: Let us get started. Al right, we are
going to continue on in this session now with Ruth Karron
who is going to be telling us about imMmune responses to
live attenuated A/ Ann Arbor cold adapted avian influenza
virus vaccines that are in clinical trial.

Thanks, Ruth.

Agenda Item Evaluation of inmune responses in
clinical trials of live attenuated A/ AA ca avian influenza
Vi rus vacci nes

DR. KARRON: Thank you, Jackie and thanks to the
organi zers for inviting me. It was very good for ne to hear
Jackie's and Maria's talks earlier today because it nade ne
realize that there are a few points | probably need to
hi ghli ght as we nove forward.

So, what | wanted to tell you about today is the
experience that we have had over the last few years with
live attenuated A/ Ann Arbor vaccines that we have been
eval uati ng at Hopki ns.

These are vaccines that were devel oped at the NI H
by Kanta Subbarao and her col |l eagues and under a CRADA with
Medi mmune as well. We have evaluated two H5N1 viruses,

Al Vi et nam 2004 and A/ Hong Kong 2003, one HON2 &9 virus,
Hong Kong 97 and one H7N3 virus, the British Colunbia
Vi rus.

The H7/N3 virus we just evaluated this fall and we
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don't yet have our imunogenicity data conpl eted. So, |
won't be discussing that but | will be discussing today the
two H5N1s and the HIN2.

So, just to give you a sense of how these trials
are done they are currently inpatient trials. So, they are
open | abel trials that are done in an isolation facility.
We have done them over the last 3 non-influenza seasons in
our region in 2005, 2006 and 2007. W admt people to our
unit 2 days before vaccination. W enphasize to themthe
i nportance of remaining on the unit until discharge at the
time of enrollnment, at the tine of adm ssion, at the tine
of vaccination and throughout the study.

Vacci ne was adm nistered to these individuals by
nose drops or by nasal spray. People were exam ned daily.
Nasal washes were obtained daily for viral culture and for
RT-PCR until the time of discharge and our criterion for
di scharge included being RT-PCR negative for vaccine virus.

Tam flu was available for significant illness or
in the event of early departure. So, in case you are
interested this is what our isolation unit |ooks |ike. W
al so had requirenents for our clinical staff which is that
they had to have gotten seasonal influenza vaccine within
the past 6 nonths either live attenuated or inactivated
vacci ne. They needed to wear gowns, gloves and masks on the

unit during and after vaccination and if they devel oped any
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fever or any respiratory viral synptons they were to be
started on Gseltamvir pending the results of an influenza
PCR fromtheir nasal swab.

| wanted to say sonething about the assays that
we did. We did henmagglutination inhibition assays. W used
horse red blood cells for the Vietnam 2004 and for the HO
virus; we used turkey cells for the Hong Kong 2003, having
to do with the difference in receptor binding of these
viruses. We did mcroneutralization assays which | wll
tell you about in a second. These were essentially derived
from procedures used at the CDC but with sonme nodifications
that | will describe.

We are, also, in the process of doing ELISPOTls to
measure |1 gA and 1gG anti body secreting cells and those
studies are really in process and we m ght be able to say a
bit about them

So,just a comment on the mcroneut assay. As |
said it was really based on the CDC assay. The nopst
i nportant difference between the CDC assay and the assay
that we do is that we did use the Ann Arbor and since that
is a tenperature-sensitive virus our incubation was at 32
degrees instead of 37. Qherwise it is actually quite
simlar and the readout is the sane.

So, first just to talk about the replication of

the Vi etnam 2004 virus what you can see is that the
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replication was highly restricted in adults. W were only
able to recover virus fromtwo individuals. This is a
cul tivatable virus, one subject on day one and one subject
on day four, both at very lowtiters. W did have a | arge
nunber of people particularly in that second dose group who
were PCR positive. They were really PCR positive for the
nost part on day one and al though we don't know this with
absolute certainty this could very well represent input
Vi rus.

We saw actually very simlar results with the
Hong Kong 2003, again very limted viral replication and
some PCR positivity as | nentioned.

These are the results of our assessnent of
i mmunogenicity both | ooking at H responses and m croneut
responses and as you can see and as you m ght have
predicted fromthe | evel of replication these responses
were really uniformy quite poor with only a couple of
i ndi vi dual s respondi ng in each group.

Thi nki ng then about the HOIN2 virus this was a
vaccine that also was quite restricted in replication in
i ndi vidual s and one comment that | wanted to nmake about the
HON2 and again taking off on Jackie and Maria' s point we
enroll ed individuals who were born after 1968, and we did
that deliberately because we were hoping not to have

i ndividuals with prior exposure to HZN2. When we initiated
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our studies we were not screening individual s because we
t hought that enrolling those younger individuals would be
sufficient.

However, we found to our surprise that about 30
percent of individuals were HO anti body positive of these
young i ndividuals. So, in subsequent cohorts that we
enrolled we actually screened them and the data that | am
showi ng you here are fromH seronegative individuals.

So, we had about 50 subjects in all and | should
say again not only seronegative but seronegative
i ndi vidual s who received two doses of vaccine. So, those
are the people shown here.

So, again, these seronegative individuals vaccine
virus was highly restricted in replication. Really the data
don't look particularly different fromwhat you just saw
with the H5.

However, the antibody data do | ook quite
different. Here you can see that of 24 individuals who
recei ved two doses of vaccine 22 had a four-fold rise in
anti body titer after the second dose of vaccine. N neteen
had a four-fold or greater rise in mcroneut antibody
titer.

This slide just shows you the distribution of
antibody titers. You can see that nost individuals had a

titer of about 1:16 with some distribution on either side.
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This slide just shows the correlation between the
H and the m croneutralizing anti body titers foll ow ng HIN2
and what you can see is that these really correlated very
wel | as shown.

So, what | have to say about these vaccine
viruses is that they were well tolerated. | didn't show you
those data but you can take it perhaps on faith or | have
those slides if you are interested and highly restricted in
replication, that two doses of the HON2 i nduced four-fold
rises in Hl titer in 92 percent of subjects and m croneut
titers in 79 percent. In contrast to doses of the H5
viruses either one was really poorly imunogenic and
i nduced H responses in a very small subset of individuals.

So, | think that one inportant conclusion is that
t he anti body responses to these Ann Arbor viruses
cont ai ni ng avi an hemaggl uti ni n and neuram ni dase vary
dependi ng upon the surface glycoproteins included in the
vacci ne and can't be predicted based upon detected viral
replication.

For recipients of the HON2 vacci ne there was a
strong correl ation between H and m croneutrali zing
anti body responses with H detecting a slightly greater
nunber of responses and finally since the insertion of the
avi an hemaggl utinin and neuram ni dase genes appears to

further attenuate Ann Arbor cold adapted viruses and we
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have now observed this with H5, H9 and H7 viruses we feel
t hat consideration could be given to cautious outpatient
assessnment of individual strains outside of the influenza
season following initial inpatient assessnent for
characterization of vaccine virus shedding, and | wll
| eave you with that. This is the work of a | arge nunber of
i ndi vi dual s as shown on the slide, people from Hopkins,
from Nl Al D and Medi nmune.

Thank you very nuch.

(Appl ause.)

DR. COMPANS: Dick Conpans. Al though you have
shown that there isn't evidence of virus shedding is it
possi bl e that the genone segnents are persisting in a way
that could reassort with a super infecting virus? Could
you consi der an experinment where you actually super infect
with a seasonal influenza and | ook at the possible presence
of reassorting?

DR. KARRON: It would be a hard thing to do.

PARTI CI PANT: | was going to ask one questi on.
Have you | ooked at the nmucosal antibody responses with H9?

DR. KARRON: |n process.

PARTI CI PANT: | don't know if | mssed it but the
anti body secreting cells especially with H5 what did they
| ook Iike?

DR. KARRON: Kanta, do you want to conment? W
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didn't look at it with HO. W started this with H5s and we
are in the process of looking for H/s and wwth H5s it was
| argely the sane as the serum so, disappointing.

Bob?

PARTI Cl PANT:  Your | ast conclusion was you
t hought you coul d nove these to outpatient studies which
sounds perfectly reasonable. | think the other thing I
m ght conclude woul d be that these are overly attenuated
and that you need to do sonething to make them | ess
attenuated. | wondered what the thoughts were generating
t hose viruses.

DR. KARRON, | amgoing to |l et Kanta comrent on
t he generation of those viruses.

DR. SUBBARAC W absolutely agree. W have got
viruses that are over attenuated and fromall the
experinmental data and clinical trials data on the HIN1 and
H3N2 col d adapted viruses it suggests that the avian HAs
and NAs are over attenuating or further attenuating this.
So, we are looking at a couple of different possibilities.
We are now currently trying to make chineras with the
transnmenbrane of cytoplasm c domain for the H2
hemaggl uti nin and N2 neur am ni dase swappi ng them out to see
potentially an interaction of that part of the HA and NA
with the internal protein and we are al so passagi ng t hese

viruses in human airway epithelial cells and in ferrets to
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identify where adaptive nutations m ght be occurring.

The fact is | don't think it is as sinple as an
al pha 2,3, alpha 2,6 receptor specificity because the Hong
Kong 2003 virus actually has both and did not replicate to
a higher degree than the Vietnamvirus did and the GHIN2
al so has an al pha 2,6 preference. So, | don't think it is
as sinple as the al pha 2,3 versus al pha 2,6 but those are
some of the things that we are testing. The problemis that
we don't have a predictive nodel to evaluate preclinically
before going into clinical trials. So, you know all we can
ook for is we can make sure that the viruses don't |ose
any of their phenotypes that we want to see in them but we
can't evaluate for enhanced replication wi thout going into
clinical trials.

PARTI Cl PANT: | may have mssed it because | was
out of the roombut certainly once you start changing the
backbone you get into while it is scientifically
interesting it is conplicated froma regulatory standpoi nt.

What about just upping the dose? Have those been
done? That seens to be a sinpler first strategy.

Did | mss that?

DR. KARRON: Yes, | nmean initially with the
Vi et nam 2004 we tested 10 to the 6.7 and 10 to the 7.5 and
after that it beconmes probably prohibitive in terns of

dose.
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PARTI Cl PANT:  Prohi bitive?

DR. KARRON: From a manufacturing perspective and
al so even you know the other thing is that at least with
the was it H3N2, Brian, at a higher dose you see non-
specific febrile responses when you give 10 to the 8.

PARTI Cl PANT: Those are with other viruses.

DR. KARRON: Humans, right.

PARTI Cl PANT: Col d adapt ed.

PARTI CI PANT: No, no, | know cold adapted but
t hose are human hemaggl uti ni ns.

PARTI Cl PANT: That is right.

PARTI Cl PANT: | just wonder if you or Kanta would
like to comment on the ferret nodel as a replicative node
for influenza, a preclinical nodel?

DR. SUBBARAC | will be tal king about that
tonmorrow. So, stay tuned.

PARTI Cl PANT: | think | heard a hint that the H7
al so did not fromthe data you have so far, did not
replicate well.

DR. KARRON: No, the H7 appears to replicate
somewhat better. W don't have our data fully analyzed yet,
but certainly better than the H5 and it appears even a
little bit better than the HO.

PARTI Cl PANT: Ruth, do you want to just describe

what an HLN1 or H3N2 CA virus you woul d expect from
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replication of these viruses to show so that people have an
i dea of what these titers, and what does a titer of |ess
t han one nean, you know what | nean, just so that people
understand that this is a very substantial reduction in the
frequency of responses?

DR. KARRON: And you are tal king about in a naive
host really. So, really the correct conparator is to naive
children, right of say of an HILN1 or something |ike that.
So, then I think you woul d expect to see replication
somewhere between 2-1/2 and 3-1/2 logs in young children
for several days. Usually it comes up fairly early with
these viruses, so let us say days 1 to 4 or days 1 to 5
al t hough young children can actually shed virus out for a
week or so.

PARTI Cl PANT: And also it grows to about 10 to
t he 3.

DR. KARRON: That is what | said.

PARTI Cl PANT: Okay. One other thing is that when
you | ook on these vaccines there are two properties. One is
attenuation and one is infectivity and here what we are
seeing they oftentines go hand in hand. Here clearly we are
having an alteration in infectivity as well as in those
i ndividuals who are infected in the | evel of replication.
So, both of these paraneters seemto be nodified with these

avi an reconbi nants.
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DR COUCH | think it is a fairly obvious
coment that you need better predictive factors which Kanta
alluded to in your animal nodels, the preclinical before
you go to that clinical and if you have got H/N3 that got a
uni que neuram ni dase and you are getting much nore
replication you are beginning to get there with the
variation you need to as Wendy says, validate the clinical
nodel using the human studi es rather than the other way
around the way we usually think, and if you go with H2N2
with the Ann Arbor parent itself |I heard that Ron thinks
and | agree with that now you are going to probably get
good replication like we are used to seeing with HIN1 and
H3N2. That is all you need now to have the ani mal guide
you.

DR KATZ: W will nove on to the next tal k. Next
we w il be hearing from Laszl o Pal konyay and he is going to
be tal ki ng about i mmune responses to non-replicating avian
i nfluenza virus vaccines that are in trials in other parts
of the world that we have not heard about yet.

Agenda item | nmune responses to non-replicating
avi an influenza vaccines in clinical trials conducted in
the rest of the world

DR. PALKONYAY: Thank you very nmuch. As you m ght
realize | changed a little bit of title. It was the rest of

the world or sonething like this and I cane fromthe WHO
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whi ch is an organi zation serving 193 nenber states and from
Li echtenstein to Luxenbourg and all of themso | used the
other term and | have another excuse to do this because |
go into Europe. This was Maria's territory and
unfortunately Austria, Bohem a and what have you and
Hungary is in Europe. So, | amvery sorry for this but I
had to change it, and the scope of the presentation and
this scope is not necessarily a series of teans |ike that,
rather leitnmotifs which will be used during the
presentation and | feel so nuch encouraged by history that
there are nmany references to history here today and | just
would |ike to add one thing. | always felt unconfortable
with the statenent that hepatitis B vaccine was the first
human reconbi nant vaccine. | think it is the influenza
vacci ne, the classical reassortnment nmethodology is really a
reconbi nant product before the juschinangl o(?) nucl eases
were even di scover ed.

So, that said, having said that whole virion
vacci ne concept will be used. W heard many, nany
gquot ati ons today about this concept way back fromthe
mtzerantes(?) and undul ati on concept in general wth
special reference to alumpartly because in this type of
studies mainly alumwas the adjuvant which was used and
potentially it was a prospect.

The historical perspective the clients with
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pandem c prototype vaccines was a study influenced by
undul ation through epi dem ol ogi cal situation.

In 1976 we had the pandem cs which did not occur
and thereafter there was the pandemic with the reappearance
of the H5N1 vaccine after nore than a 20-year period which
gave an interesting experinental possibility for clinical
trials.

So, here is the first 1976-1977 trial experience
which was a big effort. Then it was quietness until the
shock in Hong Kong in 1997. Fortunately at that tine it was
really adjudicated(?) at least in this area and a | ot of
work started after this. If | renmenber well the first one
was a reconbi nant product used in buffalo viral system and
of course exploratory H5 works and H2N2 was a nodel for
pandem c prototype vacci nes.

Since 2004, we are in a Phase IIl pandem c
earlier stage and since that we had a plethora of clinical
trials wth enphasis nainly on H5NL strains.

This is just a notion, actually a repeated
notion. It was tal ked today already, the possibilities and
t he potential advantage of whole virion approach in
unprinmed individuals. | don't go into it because it was
very nicely presented by Maria before and what was the
clinical evidence accunul ated before the 2004 out break

regar di ng pandem c prototype vacci nes? There was a nessage
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that whole virion vaccines are found nore i mrunogenic in
popul ation from 1976 to 1977 and fromthe early H5 trials
it turned to be a situation that for a pandem c nodel works
in two doses of at |east 15 m crograns hemaggl uti ni n needed
but in case of H5 vaccines nmay be nore than 30 m crograns
and this is a conbination of the two peak experience and
there were initial evidences fromH2N2 and exploratory H5
trials that dose sparing mght be possible both from whol e
virion or split prototype vaccine, MF 59 data for
split vaccines and alum data for whole virion vacci nes
H2N2.

It was very interesting to see what was the
situation before 2004. This is a nodified quotation from
one of John Wod's articles and basically what was the
i ssue which was in the focus of research. There was a need
to find consensus on the type of vaccine, whole virion,
subunit, split, adjuvanted or |ive attenuated, dosing and
wi th adjuvationautic(?) vitamns to stinulate protective
i mmune response and we can appreciate the fast devel opnent
of the field when it is nentioned that we have to gain via
exponenti al genetics technology when it is really
flourishing, this area. Let all issues relating equity of
vacci ne supply, in fact, we tal ked about the issues. |
woul d say this issue is probably resolved. Since that

approval for licensing we are experiencing international
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harnoni zation in this area and one shoul d ask, suggested to
devel op their own pandem c plans. This is a given today.

This was the situation up to the end of 2006,
l[imted information on clinical trials and very, very
limted information and in 2007, February, there was really
a mushroom ng of results. Maria was referring to this
nmeeti ng and you can see two web |inks bel ow which actually
you can | ook nore details fromthis neeting and at the end
you will have all of these web links. | will provide a few
nore web |inks at the end of the presentation.

Basically at that tine it was clainmed that nore
than 10 countries are devel opi hg prototype pandem c
vacci nes agai nst H5N1. At | east seven adjuvanted vacci nes
i nduced i nmune response that neet international criteria
for influenza vaccine licensing. These are of course mainly
the inactivated products.

There were devel opnents in the adjuvant field and
very significant dose sparing first reported and the first
sign of sone in a sense potentially protective response
agai nst strains of H5NL virus as related at different tines
in a variety of geographical |ocations obviously closely
noni t or ed.

The presentation focuses here really at the two
ends of this diagramas 99 percent of the presently

produced influenza vaccines belong to the split or the
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subunit groups which fromthe clinical point of view
probably they are al nost interchangeable and very, very
smal | part of the market is covered by |live attenuated
vacci nes or whole virion vaccines but they do exist and
they are used in doses nore than a mllion a year in doses
t hat are market ed.

| have to focus on only influenza vacci ne
production technol ogi es and obviously |I don't think | have
to spend too nmuch tinme on this slide with the audi ence but
maybe at this one. These are the avail able H5 vacci ne
platforns and what is really highlighted, there are two
technol ogies. It doesn't nmean any potential or theoretical
advantages. It sinply is a reflection of the nunber of
persons who participated in the clinical trials. So, these
two are where we have the nost information and this is just
alittle remnder for inactivated vacci ne approval process.
This is really just a cross section of the criteria for the
adult and basically in the seasonal vaccine there is only
one criterion that should be fulfilled for a passing nark.
It is recoormended for prototype H5NL type novel vacci nes
that all these should be nmet. So, this is what the criteria
are used by the industry when they are evaluating their
vacci nes.

O course the data are not conparable for the

reasons which were discussed nany tines before today. So,
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it is the first group. Again, we are back with the whole
virion concept. This is the list of the vaccines which were
in clinical trials and obviously many of them belong to the
presentation scope today. One of themis the Baxter
vacci ne. The vaccine is produced by four nenbers of the
Japanese consortiumwhich are different vaccines but they
are devel oped in harnoni zati on and toget her Denka Sei ken,
Keta Sauto and Karka Kuchen; that is nore difficult than ny
name, Karka Chuken, yes, sorry and the next only was a
Hungary product and the Sinovac product and the others of
course belong to different territories.

Here is one exanple, the cell-derived inactivated
whole virion wild type HS5N1 vaccine is very unique, isS
wi | d-type vaccine. So, it is an inactivated wld-type
isolate. Here it is fromthe Vietnamstrain. There is a
t wo- dose schedul e. The studies were carried out in Asia.
That is why | nention it here and the results were
presented partly a week ago at the WHO neeting whi ch was
concentrating on broad spectrum and | ong-1asting i mune
response influenza vaccines and it seened to be that the
non- adj uvanted fornul ati on was nore i nmunogeni ¢ and cross
neutralization was neasured or denonstrated agai nst cl ade
1, 2 and 3 viruses and cross protection studies were
carried out in aninmals.

This is the next one, Chinese vaccine. This is
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fromthe Phase | trial. So, the nunbers are relatively |ow.
However, basically with a 10-m crogram henol of i ni n(?)
content al unmentum(?) hydroxide adjuvanted whol e virion
vaccine all three EMEA criteria were net and actually these
were the actual results. As far as | renenber they used
turkey blood cells. W heard from Jackie's presentation
that the issue what type of blood cells are used in the
hemaggl uti nation inhibition test is an issue.

The next one is the Omivest group which is again
an unmargeri ented(?) egg-based whole virion vacci ne which
is a marketed vaccine in Hungary. At this point nore than
650 patients participated in three trials which includes
the elderly up to the age of 83. This was nentioned al ready
by Maria. It is a one-dose schedul e approach with 5
m crogranms hemaggl utinin content and all three EMEA
criteria were net with one dose approaching the others and
the elderly group according to the presentation | ast week
and according to the, and in the Phase | study which is
publ i shed al so, is conpatible with the statenent.

Cross neutralization both with hemaggl utination
inhibition and mcroneutralization test was detected with
H5N1 strains fromdifferent phylogenetic clades and to just
go further the followng strains were tested, from cl ade
2.2 a senchute(?) reverse genetic strain from another cl ade

2.2 group, actually it is a classical reassortant strain
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and fromthe CDC another reverse genetic strain clade 2. 3.
| hope the spelling is good because | feel that witing
down the nonencl ature of influenza vaccine isolates or bad
links, long, long bad Iinks is sonething adult prone |ike
i nfluenza propagation. So, | hope | amcorrect with this
gquotation, with the nanes. At least | tried to be correct,
and this is just a segnment of the results because these are
non- publ i shed and I didn't want to go beyond just to get
into segnent. Basically the plus signs nean passing this
particle at hemagglutination inhibition test. It is very
interesting that we used chicken blood cells for the
testing which is supposed to be |ess sensitive and this is
really a cross inmmunization for positivity and the little
summary statenment about al um adjuvanted whol e virion
vaccines. | think we can state for this group of conpanies
t hat sonme al um adj uvanted whol e virion vacci nes were highly
i mmunogeni ¢ and showed significant cross neutralization
with H5NL strains of different phyl ogenetic clades and here
| am speaki ng about five, six or maybe seven conpani es now.
So, these are not isolated cases. There is a big cover for
that. No alumfree control arns except the Baxter study but
t he Baxter vaccine is very, very different than any other
vacci nes being applied by the isolated inactivated product
that I would not consider it as a generally acceptable

control, | mean stating that it was tested.
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The issue here is of course is the alumreally
needed or not. I|nactivated subunit vaccines, it is a |list
of vaccines. Sone of them the studies are finished. Sone
of themare already registered by regulators. Qhers are
ongoing and the situation is the same for inactivated split
H5 vacci nes.

| don't spend too nmuch time on this. | think this
is a fair conclusion that alum adjuvation(?) up to now has
provi ded only nodest or not antigen sparing effect. There
is this initial clinical data with split and non-adjuvant ed
vacci nes.

A generalized conclusion in WHO style, safety and
I mmunogeni city, we can state that vaccines reported to the
WHO at four neetings during the last 2 years held at WHO
wer e described as safe and well validated in the age groups
st udi ed.

Vacci ne i mmunogeni city was denonstrated to vary
based on type of vaccine, dose and the presence of
adj uvants and the next neeting for the discussion of the
progress of clinical trials with novel H5 or simlar
vaccines will be held early in the first quarter of next
year and here is the fullest conclusion about the
situation, the whole virion concept and the novel
adj uvants. Wien | speak about novel adjuvants | call them

| really nmean under this particular context as oil and
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wat er i mrersions because the successful adjuvants with
split or subunit vaccines belong to this group, M 59, AS
or AF 03, etc. There are potentially all the other,
simlar other adjuvants and then you see the two
hi ghl i ghted things, whole virion vacci ne which has the nost
prom se based on all the data were never tested according
to my understanding with these novel adjuvants. It would be
interesting and we can also say as | nentioned earlier that
whol e virion vaccine was not tested wthout alumwth the
not abl e exception of this nmentioned Baxter situation.

So, it is a situation where | think fromthe
scientific point of viewit would be interesting to test
that. However, we have to face the situation that nost of
t he conpanies who are going into the split novel adjuvation
approach, they have their licensed product which is a split
product. So, they are probably not rmuch interested to go
into the whole virion direction and the other conpany which
tested al um adj uvanted whol e virion vacci ne probably is not
interested to go into the research wi thout alum because the
actual |icensed seasonal product is an al um adjuvanted
i nfluenza vaccine, but fromthe scientific point of viewit
woul d be interesting.

| just would like to nmention that in Canada there
is a whole virion vaccine which is still licensed according

to the cormittee on regulations and it was in use until
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|ate 1997. So, that would be a theoretical candi date going
into this direction.

Sonme sel ected electronic publications as |
prom sed at the beginning fromthe initiative for vaccine
research at the WHO. It was al ready nentioned the clinica
nmeeting. We are heading for the next one in 2008. The first
one and the second one the summari es were al ready published
in peer-reviewed journal. W are hoping that the third one
will be also published but at the nonent it is accessible
fromthe Internet.

It is acconpanied with the tables on the clinical
trials of pandem c influenza prototype vaccines with many
detail s about serol ogical data and about the trials. So, it
is wrthwhile to check and we will be updating this
probably after the next nmeeting in February.

| think today covered all of the potenti al
vacci nes except maybe the Russian live attenuated influenza
vacci ne which really conplenents the US Medi nmune NI H type
of work with live attenuated influenza vaccines for
pandem ¢ preparedness and this was al so published and it is
very interesting because here all of the presentations are
t here. Whenever we have WHO neetings sonetines certain
presented data are withheld by the presenters but this is a
uni que situation. Sonehow it happened that nobody w thheld

any presentations. So, it is really conplete. So, you can
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find the conplete list of presentations. It is not like a
selected list of presentations like in other cases and the
last one | nentioned the IP. It was an issue especially a
few years ago. | think probably nmany i ssues are resolved
since that. There is a docunent accessible fromour web
site which deals with intellectual property related to
pandem c i nfluenza vacci ne producti ons.

Thank you very much

(Appl ause.)

DR. KATZ: Any questions?

DR. WRI GHT: Peter Wight. Just for historical
perspective the recognition that the whol e virus vaccines
were nore reactigenic cane out of the experience with the
swi ne influenza vaccine. It was nmuch nore marked and
evident in children than in adults, but it included nore
febrile reactions and actually with whole influenza B virus
sei zures associated with adm nistration of vaccine.

So, caution will have to be used with whole virus
vaccines as and if they nmove into children.

DR. PALKONYAY: | certainly agree with the
hi storical notation and a | ot of history going on in this
at this neeting. | would |like to say two comments. It is
not contrary, just conplenenting what you just said.
According to the GSK data which were published about H2N2

whol e virion products adjuvanted with a conbi nati on of
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al um num phosphat e and hydroxi de that besi des |ocal
reaction there was no difference. If | go back early
nineties fromny earlier experience as regulator | have
seen face-to-face conpari son between subunit and whol e
virion vaccines for regulatory introduction and in not very
small children and basically there is no difference seen.
Sonme peopl e woul d suggest that for the higher antigenicity
at least partially the higher endotoxin content of these
ol der | ess sophisticated vaccines maybe it has a role. So,
with caution but it could be explored.

PARTI Cl PANT: Talking as a regulator is there
good scientific evidence and consensus that cross reactive
anti bodi es woul d be protective?

DR. PALKONYAY: Only animal data and definitely
there are cross protection. These are just cross inmunity.
| nmean it would be difficult to challenge with H5N1 humans.

DR. COUCH | guess the whole virus | want to
coorment a little bit back from Peter. No question about the
fact of what happened to children in the swine flu and the
greatest reactigenicity was in the Merck vacci ne but the
Merck vacci ne had a huge anpunt of hemagglutinin in it as
wel |l . You see great imune responses. Merrill (?) National
had not quite as nmuch but still was nore reactigenic than
the split products. That was very clear. It was not so

clear in 1968, | get this frommy pediatric coll eagues with
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the purified whole virus vaccine that those were
excessively reactigenic in children of various ages. Most
of those were very small trials, so that | would be echoing
Peter's comments saying that if you want to nove whol e
virus into children the data we have avail able say that you
need to be cautious but the data don't say that they are
excluded I don't think.

DR. PALKONYAY: Exactly and this vaccine
mentioned this is as | nentioned a whole virion vaccine
which is adjuvanted routinely with alum and the indication
is 3 years and up and it is used nore than a decade with
yearly nore than 1.2 mllion doses distributed. | nean this
is an area which needs of course caution but there are
possibilities.

DR. KATZ: Laszlo, | had one question. You showed
a couple of clinical trials where the i munogenicity was
conducted by an Hl using turkey or chicken red blood cells
and sonme of the results seened that there was quite a good
vi gorous response which is somewhat surprising based on
ot her things we have heard today.

DR. PALKONYAY: This was the reason
menti oned that because this is what they claimand actually
the turkey is published and the other one is direct
information. So, these are confirmed information.

DR. KATZ: So, were there any efforts to do sone
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sort of neutralizing anti body study on the sane sera or to
share the sera to other labs that could performa
neutralization assay?

DR. PALKONYAY: | can see that probably John
could respond to this because | know there are sone
connecti ons.

DR. KATZ: kay, John?

PARTI Cl PANT: The sera fromthe Hungarian trial
they were actually shared with Maria Zanbon's | ab who
tested for neutralizing anti body, because they contri buted
towards the new international standard, they had good
| evel s of anti body.

DR, KATZ: | think we will nove to Fred Hayden and
Fred is going to talk to us about the WHO research
initiative for H5N1 infection in humans.

Agenda item H5NL Infection of Humans

DR. HAYDEN:. Thank you, Jackie, and good
afternoon. I would like to thank my WHO col | eagues and the
ot her organi zers for the opportunity of being with you this
afternoon. They needed to make a change in schedule to
accommodate ne and | appreciate that very nuch.

So, unlike the majority of the previous speakers
| am not going to share primary data with you but rather
try to discuss several specific research initiatives which

have been recently |launched at WHO and | hope that this
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particularly in the context of the discussion that will be
happeni ng in the breakout sessions on Wdnesday will | ead
to the possibility for some future coll aborative work
particularly feeding back to the Southeast Asia Cinica
| nfl uenza Research Network and the person who will be
occupyi ng the position of influenza research coordi nator at
VHO.

So, these are the three areas that | would like
to briefly touch on in the next 10 m nutes or so. W
convened a consultation on clinical aspects of human H5
infections in March of this year in order to pull in
experience fromthe individuals, the clinicians who were
actually taking care of these patients in the field and
this was in part to try to understand about changes in the
di sease and best managenent practices and one of the
reasons for this that in fact there is no current H5
dat abase that really captures clinical and treatnent
out comes i nformation

Currently WHO does have a database but it really
has only basic denographic risk factor and exposure
information and ultinmate outcones of the patients in terns
of survival or nortality, and because of this we felt that
there was a need for an integrated database for in part
timed risk assessnents and to | ook at then changes in

di sease presentation whether this is changing with the
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evol ution of the viruses and of course this relates to nore
rapid recognition, exam ne the prognostic features of H5
i nfection and hopefully come up with nore effective
treatments as well as assess the safety and tolerability of
a nunmber of the other treatnents which are being used
enpirically in these patients.

So, in the context of the Turkey neeting we had
di scussi ons about the need for an integrated database and
concl uded that that would be an inportant future activity
for WHO, and i ndeed has been agreed to by seni or managenent
and this is part of an ongoing discussion internally.

So, the proposed database will try to capture
both retrospectively information fromthe patients that
have been recogni zed to date, but also inportantly in terns
of the risk assessnent side in particular |ook
prospectively at new cases and as tinely a fashion as
possible in order to protect both the clinicians who would
like to publish their own data in the field but also the
confidentiality of the patients. There will be no rel ease
of individual patient data but what we will plan to do is
to provide regul ar updates on the WHO web site or through
t he weekly epidem ol ogical record, but again this is an
issue that is currently in discussion. We will be having a
nmeeting with our regional advisers, in fact, later this

week and | hope that that will provide an opportunity for
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further discussion but your input on this would be wel cone.

As an aside then we did add information when we
present ed our updated advice on H5 clinical nmanagenent
which is sumrmari zed on this particular web site. W added
two ot her docunents to the web site. One is a clinical case
summary form and another is a supplenentary case summary
form whi ch gives nore detailed virology for clinicians and
other individuals in public health to share individua
patient data back with us at WHO

So, there is a nechanismin place already for
capturing this information.

The second research initiative that | would like
to spend a little bit nore time on is the Sout heast Asia
I nfl uenza Cinical Research Network.

This particular network was founded really in
2005 and had its first network-w de neeting in 2006 to try
to foster investigation not only on H5 and ot her novel
i nfluenza viruses but also to advance really our
under st andi ng and nanagenent of human influenza
irrespective of the viral etiology and again this grew out
of the recognition that although there was a | ot of
i nformation regardi ng surveillance of influenza
particularly H4 di sease, there was a paucity of information
regardi ng what was happening in terns of disease

pat hogenesi s, diagnostics and i nproved case managenent.
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So, this is a true international multilatera
col | aboration involving clinical centers in Southeast Asia
and al so four key international partners including the
National Institute of Allergy and Infectious D seases,
Oxford University; the Wellcome Trust as well as the World
Heal t h Organi zati on.

The principles are sunmari zed on the web site
whi ch | showed you on the previous slide but just to
briefly comment these are to devel op know edge on
i nfl uenza pat hogenesi s, therapeutics diagnostics and
prevention through protocol -based studi es nbost of which
will be hospital based but some also in the outpatient
setting.

There is a strong enphasis within the network on
buil ding the capacity for independent research both at the
i ndi vi dual and investigator |evel but also for the
institutions that are nenbers of the network. O course,
part of this will be conpliance with international
standards for clinical research so that the study data that
are generated can be used in fact for regul atory purposes
in the future. The network is commtted to pronpt sharing
of data and isolates and genetic sequences, of course with
t he approval of the relevant national authorities and we
have striven to also create publication guidelines that are

i nclusive particularly focusing on the investigators in the
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af fected region.

So this is the current depiction of the actual
clinical sites. There are as you can see five in Vietnam
four currently in Thailand and two in Indonesia both in
Jakarta. W are in the process of adding a third site in
Central Java in Indonesia as well. The clinical center at
NIH is also a collaborating clinical site obviously for
studi es of severe human influenza due to seasonal viruses.

Now, one proof of the existence of the network of
course is our grant program and this gives you sone sense
of the conplexity as one tries to nove forward with an
i nternational collaborative effort like this but |ooking
fromthe ground roots upwards you will note that we have
what we call country coordinating groups for each of the
three participating countries, Vietnam |ndonesia and
Thai l and and then these groups, these working groups are
with the primary investigators at the different
institutions, and their support staff can neet on a regul ar
basis to exam ne the status of particul ar protocols but
also to cone up with newideas in terns of future research
Specific studies are generated, then ultimately through a
protocol teamthat has advice froma variety of advisory
commttees where there is expertise both within and outside
the network and then protocol inplenentation is overseen by

a trial operations conmttee.



233

This whole activity in terns of the day-to-day
endeavors i s supported by the network coordinating center
which is located at the Oxford University Cinical Research
Unit at the Hospital for Tropical Diseases in Ho Chi M nh
City and the overall activities and strategic direction are
deci ded upon by the Network Steering Commttee which
i ncl udes representatives fromeach of the participating
countries as well as the international partners.

Just to give you sone exanples of the kinds of
studies that are in progress or under discussion right now
first on the antiviral side which is where we started
initially because of the need for inproved clinical
managenent and you have seen the figures about the current
case fatality rates in confirmed H5 di sease, we focused
heavily in this area but | would just hasten to add that
these are just one set of studies. There are over a dozen
now that are in different phases of either inplenmentation
or devel opnent which include other aspects of influenza.

The first interaction study in an Asian
popul ation | ooking at oseltamvir with probenecid | oading
has been conpleted and I | ook forward to seeing the
publication of the results of that study in the near
future.

This large nmulticenter study of dose conparison

of standard to higher dose oseltamvir therapy in either H5
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di sease or severe human influenza was | aunched in July of
this year and is gradually enrolling patients currently. O
course, this is dependent on the influenza seasons in the
affected countries.

W are trying though as quickly as we can to try
to nove toward inplenentation of a parenteral neuram nidase
i nhibitor study specifically in avian influenza patients
because as you are well aware there are a nunber of
accunul ating cases currently in Indonesia and that wll be
a priority for the network and again with the effort to try
to inprove drug delivery and hopefully antiviral effects in
clinical outcones.

As | nmentioned this is just one facet of these
trials. | have tried to summari ze here for you sone of the
i mrunol ogy studies that may be of greater interest to this
parti cul ar audi ence.

Wthin the context of the oseltam vir treatnent
study there are neasurenents not only of viral |oads but
al so of innate inmune response markers in virus specific T
and B cell responses.

Anmong the survivors then of HS within this study
but al so the previous survivors there are plans for |ong-
termfollowup studies not only clinically in terns of
their functional status, pulnonary function testing chest

CTs but also | ooking again at virus specific antibody T and
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nmenory B cell responses. Sone of these patients are now up
to about 4 years in terns of their survival frominitial
infection and in fact some of this work is already in
progress in Vietnamat the National Institute for Hygi ene
there and al so the Hospital for Tropical D seases.

As part of this effort there have al ready been
studi es done again in Vietnamto |ook for the avidity of
anti body responses and then sel ection of clones for
devel opnent of human neutralizi ng nonocl onal s and you have
already seen initial publications regarding the
effecti veness of some of these in relevant ani nal nodel s
and there will be further work to | ook at cross reactive
anti body and T cell responses to both avian and human
Vi ruses.

In Vietnam also, there is a plan for a community
cohort study | ooking at pre-season antibody T and B cel
responses in relation to the subsequent risk of influenza
infection and illness so that this is just sonme sense for
you of the kinds of studies that the network is either
undertaking currently or plans to in the future.

So, this gets at the issue of how do new
protocols conme into being and this nmay again be of interest
to those who are potentially interested in collaborating
with individuals in the network but basically the concept

devel opnent starts with one of the investigators at one of
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the existing institutions. A draft concept is devel oped
which is then initially reviewed by the Network
Coordi nating Center. Assumng that it neets certain
standards in terns of both scientific rigor, interest of
the network and feasibility it is then noved up to the
Network Steering Commttee for initial review and after
approval then a nore detailed protocol is devel oped with
the help of a protocol teamas | nentioned before and then
this final protocol wll undergo both internal review by
the Trials Operation Commttee of the Data Safety and
Monitoring Board Ethical Review Cormittees of course and
then ultimately it is inplemented with the help of the
Net wor k Coor di nati ng Center.

So, the final initiative then is this new post of
i nfluenza research coordinator. This was adverti sed
originally in the summer of this year and it cones about
froma discussion between the Wellconme Trust representing a
group of non-comercial research funders and the Wrld
Health Organization to try to get a better understandi ng of
what kinds of investigation are being done currently with
regard to flu and where the gaps are and what coul d be done
in order to fill those gaps.

A formal interview process has been conpl eted and
| hope it will be announced relatively soon of the

i ndi vidual who will be taking this post funded through the



237
Wl | cone Trust but then seconded to WHO to oversee this
activity but just to sunmarize this person will be hel ping
to develop a central inventory of research activities
related to human i nfluenza. The focus will really be on
t hree areas, vaccines, drug therapies obviously including
antivirals and popul ati on science, both surveill ance
epi dem ol ogy but al so nodel i ng ki nds of studies.

They will coordinate a series of road mappi ng
exercises to identify key gaps in know edge and then I|iaise
with the partners that have been identified internationally
to devel op a cohesive research agenda. The person will al so
serve to facilitate interactions between major non-
commerci al bi onedi cal research partners, governnents and
various foundations, NG and then assist these funding
agencies in their activities and inplenentation of various
st udi es.

So, | will stop there and | eave you with this
particul ar web site where you can read nore details
regardi ng the Sout heast Asia Network and thank you for your
attention.

(Appl ause.)

DR. KATZ: Are there any questions for Fred for
that very interesting overview?

Fred, could you tell us the studies that you

listed with parenteral neuram nidase inhibitors and the
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standard versus high dose, are any of those, are
t he standard and hi gh doses ongoi ng?

DR. HAYDEN: The oseltamvir study was initiated
internms of first patient enrollnments in July of this year
and is gradually enrolling patients since. W anticipate
that nost of the patients of course will be those with nore
severe seasonal influenza |leading to hospitalization. |
shoul d conment that in nost of the centers this is a
protocol that involves both children as well as adults and
it incorporates in ternms of the neasurenents not only sort
of standard efficacy outconme neasures but again a variety
of immunol ogic markers to try to get a better understanding
of di sease pat hogenesis as well.

Naturally you could understand that trying to
gain access to H5 patients is a very unpredictable
business and it is not clear how many patients we w ||
actually be able to enroll but I know that we have enrolled
at least three H5 confirnmed patients in that protocol to
dat e.

DR KATZ: Suzanne?

PARTI Cl PANT: Because of the uni que resources
being in that part of the world is it possible to do enough
surveillance that you think you could tell if sonething
were preventing H5N1, you sone particular characteristic;

coul d you conpare the cases that do occur even though they
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are very fewin nunber to the rest of the population?

DR. HAYDEN: | think given the very rare rate of
infection right now despite the extent of exposure that
woul d be a very chal |l engi ng undertaking but I know that
there are plans again within Vietnamto try to | ook at sone
case and famly based studies presumng that you get famly
contacts and househol d nenbers who have been exposed both
to case patients but also to the sane environnment to try to
| ook again retrospectively there at what may predict the
I'i keli hood of devel oping infection and di sease, that there
again will be a nunber of genetic studies undertaken, whole
genorme mapping as well as trying to | ook at sonme of the
i mmuune markers that may be relevant there but this is an
area agai n where suggestions fromthis group would be |
think very welconme in terns of specific kinds of things to
|l ook at and if there are particular |aboratories that have
for exanple assays that would really foster that effort |
think that the individuals in the Southeast Asia Cinica
Research Network would |ike to hear about it.

DR. KATZ: One last question. | realize the focus
i s Southeast Asia but is there any discussion to extend it
to areas where clade 2.2 mght be infecting humans?

DR. HAYDEN:. That is an inportant question that
really hasn't been addressed by the group w thin Southeast

Asi a because we are still obviously very early days in
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trying to just nmake sure that we can do the studies that we
have commtted to well and there is an enornous anount of
capacity building as you can imagine in an effort like this
where nost of the centers that are collaborati ng have not
really done a clinical investigation before certainly not
at an internationally recognized standard but | think that
woul d be an inportant consideration in terns of trying to
develop simlar kinds of networks in other regions in the
future.

DR. KATZ: Ckay, one nore question.

PARTI Cl PANT: Are there any and | don't know if
this is really to Fred or to Jackie but is there any
information to be gained fromthe vaccination of poultry
t hat woul d either informour human vacci nation program or
hel p us to understand why this virus is different?

DR. HAYDEN: | could clearly say that this is a
guestion for Jackie.

DR. KATZ: | don't know that | have an answer to
that. | think the vaccinations that have gone on in poultry
in some part of Asia have now been shown to perhaps not be
optimal and particularly there are sonme probl em species
there. I don't know how exactly we would relate that to the
human situation. |Is that your question? Yes, they are
having trouble, too. | guess that is all we can say.

DR. HAYDEN:. Maybe the take-hone nmessage is that
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bad vaccines in birds m ght predict bad vaccines in humans
as wel | .

DR KATZ: But there are other reasons. | nean
there are poorly matched vaccines still being used. So,
there are nmany ot her issues, |lack of standardization. So,
there are many other issues that are involved with
i nadequate vaccination in poultry | think.

kay, thank you.

So, | think we will finish the session there, and
| would just like to thank all of the speakers again.

(Appl ause.)

DR KATZ: And | believe that is the close of
today and just rem nd the panels who will be on the spot
tomorrow that there is going to be a brief neeting for them
right now and then | believe we start tonorrow at 8 a. m

So, we will see you then.

(Thereupon at 4:55 p.m, a recess was taken until

8 a.m, the follow ng day, Decenber 11, 2007.)



