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PROCEEDI NGS

WELCOVE

COL. DANLEY: Good norning. You can see

we have sone technica

difficulties, so | wll

spend a few nonents here while we try to resol ve

themfor our first speaker, Dr. Friedl ander.

We have sone adm nistrative announcenents,

but I want to point out to you that for those of

you who are not fam liar--the mcrophone is not

wor ki ng?

want to wel cone al

[ Pause. ]

CO.. DANLEY

am Col onel Dave Danl ey.

of you. For those of you not

famliar with mlitary rank, we have severa

servi ces

Servi ce.

here, as well

as the Public Health

An Arny and an Air Force colonel are the

same as a Navy Public Health Service captain, which

is different froman Arny and an Air Force captain.

Arny and

| i eut enants.

Arny and

of sinplicity,

w th our

Air Force captains are the sane as Navy

Navy |ieutenants are different from

Air Force lieutenants. So, for the sake

titles. Call
[ Laughter.]

CO.. DANLEY

et me recormend that we dispense

me Dave.

want to make sone
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adm ni strative announcenents. The snoking area is
outside the building in the designated snoking area
only. Violators will be shot.

Shuttle vans run until 9:00 and will start
at about 1530. That is 3:30 civilian tine, p.m
If you need additional shuttle service, please see
one of our support staff outside.

Lunch will be served in the foyer at
11:30. Restroons are also in the foyer, but in a
different | ocation. Pagers, beepers, and cel
phones, please put themin the vibrate node or in
the off position. Violators will be shot. This is
amlitary base. W take things seriously.

Speakers and panelists, if you have
i ssues, please see M. Karl Lackenneyer during the
course of the day.

W do have boxes of slides fromthe first
nmeeting that we had on anthrax vaccine out in the
foyer. You are wel cone to take copies of those
slides that dealt with potency testing for the
vacci ne.

But let's get serious here for a nonent to
start off this neeting. First of all, | want to
extend ny thanks and gratitude to Adnmiral Z nble

and the staff here at USUHS for letting us use this
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excellent facility.

I would also like to thank the cooperation

of colleagues at NTAID and the FDA in putting this

neeting together. | want to

Zoon, Dr. Phil Russell, for t

recogni ze Dr. Kathryn

heir participation in

this meeting along with the panelists, guests from

i ndustry, the services, our colleagues in Canada

and the United Kingdom This is, indeed, a w de,

diversified audience that is

goi ng to address your

presentations on and hopefully bring to resolution

some critical issues required for the licensure of

a new or next-generation anthrax vaccine.

I would like to tur
Dr. Zoon, who is the director

DR ZOON: Thanks.
do want to also extend ny wel

to say how nuch | appreciate

n the podi umover to
of CBER, FDA

I will be brief, but
cone to everyone and

all the organization

and cooperation anong the cosponsors in order to

facilitate in nmaking this nmeeting happen in such an

expedi tious fashion, and our

host for this neeting

here at the Unifornmed Services University.

This is an extrenely inportant area for

the public health and the protection of the

mlitary. The Center for Biologics has been

conmitted to working with al

parties to effect the
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access and availability of safe and effective

ant hrax vaccines. So we are very pleased that this
nmeeting could take place to really focus on the

obj ectives of |ooking at the devel opnent of new

ant hrax vaccines and the type of data that would be
necessary with regard to non-clinical and clinica

i nformati on for the expeditious devel opnent and
approval of the second generation vacci nes.

In looking at this, these products will be
extremely inportant in our armanentariumfor public
health protection and military protection, and with
the col |l eagues we have in our presence who wll
participate in these neetings, | think, clearly,
this is nore than just a U S. initiative. It is a
global initiative to help protect all citizens of
t he worl d.

And ny sense is, over the next few hours
and through the day, we will be |ooking at sharing
data that is currently available, as al so
di scussing what is the information that we wll
need to gather with respect to having enough
information to facilitate the approval of new
ant hrax vacci nes.

Qur goal today for CBER is to take the

information and to try to devel op a gui dance
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docunent that will provide clear and consi stent
conmuni cati on and expectations for these
non-clinical and clinical studies. W hope that in
doing so, that we will be able to facilitate the
devel opnent of these vaccines so that we can
process them as quickly as possible.

This workshop will be an inportant step in
achieving this goal, and again, | want to thank all
of you for comng, for sharing your thoughts,
expertise, and data to further this inportant
program Thank you very nuch, and again, welcone

[ Pause. ]

PATHOGENESI S OF BACI LLUS ANTHRACI S

DR FRI EDLANDER: Thanks very rmuch. |
appreci ate the opportunity to talk with you and
start this conference off. The events of the |ast
si x nmonths have irrevocably changed our |ives when
it conmes specifically to anthrax, but anthrax, as
you know, is just one of the organisns and agents
that is of concern to both the civilian and the
mlitary.

H storically, studies on pathogenesis and
vacci ne devel opnent have gone on concurrently. In
fact, we usually devel op vaccines enpirically and

our understandi ng of pat hogenesis and nechani sns of
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i Mmunity |ags considerably, and that has al ways
been the case and likely always will be the case.

Because of the unique situation with
anthrax and simlar infections, however, it is
i nperative that we alter that paradi gm because we
are going to be unable to test these vaccines in
t he human popul ati on, and, therefore, we need to
understand as nuch as we can, both about the
pat hogenesi s and specifically the nmechani sns of
imunity in order to devel op as nmuch evidence as we
can to justify licensure of a vaccine that can
likely never be tested for efficacy.

Now, the story starts with Robert Kul p
about 135 years ago. This is the life cycle of the
ant hrax spore. That basically is what he
determ ned, that the spore turns into the bacillus
and the bacillus turns into the spore. This was
known for the hay bacillus, bacillus subtilis, by
Ferdi nand Cone [ph.] and it was a mlestone in
m cr obi ol ogy.

This is what we are faced with today.

t hi nk everybody has seen these pictures. It is 135
years to present day fromthe first identification
to this chest x-ray that now we are all famliar

with, and it shows the--1 will just spend a mnute
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10
showi ng the characteristic findings of a w dened
nmedi asti num and pleural effusions with relatively
clearly lungs. That is inhalational anthrax.

This is a CT scan show ng these enornous
| ynph nodes and the pleural effusions. That
constellation of findings in an acute illness is
essentially pathognononic of this disease. There
are very few other things in nmedicine that cause
that finding.

This is the--the center of the disease is
in the nediastinum This is the trachea, the
bifurcation of the trachea. It is this node that
is the business end of this disease. It is, in
fact, a nediastinitis and a henorrhagi c necrotic
| ynph adenitis involving the nmedi astinal |ynph
nodes.

So our job here is to try to understand
fromthat little spore to death caused by a | esion
in the nediasti num

Now, this is what | amgoing to try to
di scuss today, sonething about the organi smand
pat hogenesi s, hopefully as it relates to inmunity,
to keep that in mnd. | will then spend a little
time--1 will spend nost of the time on this and

then spend a little tinme on the early approaches to
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11
vacci nation, with current and future vaccine
efforts, again, just to outline these, and then
just nmention this, because there will be |ots of
di scussion about this in the--for the rest of the
day.

So the organism | think everybody here is
now famliar with this, a gram positive
non- henol yti c, spore form ng, non-notile bacill us.
There are three known virul ence factors, an
anti - phagocytic, highly negatively charged capsul e
around the organism the lethal toxin, and the
edema toxin, and you'll hear nore from Steve Leppl a
shortly about the toxins, which "Il just briefly
touch on in terns of their pathol ogic effects.

This is what the organi smlooks |iKke.
Again, | think, as | have said in sone
presentations before, we probably know nore--the
public probably knows nore about this di sease now
than any other disease, including H V.

Those of you in front can see a nice fat
juicy capsule around the organism This happens to
be froma non-human prinmate. The findings in
humans are essentially the same. There is a very
hi gh | evel of bacterem a at death.

This is a scanning el ectron m crograph of
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12
the spleen and you can see two bacilli here and a
crenated red bl ood cell

This is what the spore looks like. It is
the spore which is, as you know, extraordinarily
stable and is the infectious form The life cycle
of the organismis such that it likely requires a
manmmal i an host in order for it to survive and
proliferate and anplify, in distinction to the
closely related bacilli which undergo cycl es of
replication within the soil. There is a fine
hair-1ike nap, the exosporium around the spore
itself.

The spore, as | said, is the infectious
organism It enters through a break in the skin or
the @ tract or through the normal lung. It
germnates fromthe--the spore converts to the
bacillus in a macrophage locally or after being
transported to a regional |ynph node. There is
then the [ ocal production of toxins, |leading to
edema and necrosis, spread fromthe node through
the Iynphatics, resulting in bacterem a and toxeni a
and seedi ng of npbst organs, nost particularly the
brain in half the cases.

And death is likely due to |lynphatic

obstruction, vascular obstruction. You can't see,
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| don't think, the--no--sone pul nonary henorrhage
and pl eural effusions that you saw, and death is
thought to be a respiratory death in nost cases.
There is also clearly a toxema and the rel ative
i mportance of the two, it renmains really unknown,
except in nmy view, at |east, the npbst inportant
cause of death is, in fact, in the nmediastinum
that lesion in the nediasti num

This just shows from a pathol ogi c
per spective, enphasizing the inportance of regiona
henorrhagi c | ynph adenitis, particularly in the
i nhal ati onal form of the disease.

This is a figure froma review by D xon et
al . basically showing the sane thing. Wat | want
to point out is, as | said, the first inportant
stage is thought to be uptake and germ nation
wi thin a nmacrophage and subsequent i nvol venent of
regi onal henorrhagic |ynph adenitis. | wll talk
nor e about what goes on inside the macrophage and
t he consequences of infection in the nacrophage and
the effect of the toxins on other cells. This is
an over-sinplification, | think.

In terms of spore gernination, there are
many physical triggers that are involved in

germnation. Fromthe perspective of what goes on

13
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14
in the host, the nost inportant thing is the in
vivo site of germ nation, whether or not a
macr ophage is, in fact, absolutely required for
germnation, and what the in vivo germnant is.

That has sone inplications, obviously, not
so nuch fromthe perspective of vaccines, but from
t he perspective of therapeutics and fromthe--not
so nuch fromthe point of view of the nmechani sm of
i Mmunity, but also fromthe devel opment of new
vacci nes. The critical events in terns of
germnation fromspore to bacillus offer potentia
new targets for vacci nes and therapeutics.

Under a phase mcroscopy, the spore is
refractile. It then beconmes non-refractile and
swol I en and begins to outgrow into the bacillus.
This is an initial very susceptible tinme for the
life cycle of the organism likely before it
becones encapsul at ed.

In ternms of pathogenesis of the organism
once it becones encapsulated, it is resistant to
i ngestion by phagocytic cells and essentially
proliferates extracellularly wthout any effective
response by the host.

In ternms of the spore macrophage

interaction, this is thought to be, at least in our
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present thinking, one of the nobst critical events
in the early stages of the infection. One of the
questions that renmains yet unresolved is whether
t he macrophage environnent is an absol ute

requi renent for germnation in vivo

It is, | think, nore clear in the |ung,
which is, of course, the nost relevant disease that
we are concerned about, inhalational anthrax, that
that likely is the case. That is to say, that in
order for the spore to be taken up, it may require
i ngestion by a carrier phagocyte, the alveol
macr ophage. Wether or not that is the only
mechani smremains yet, | think, to be established
because t hese studies were done with massive
nunbers of organi sns in experinmental animals, and
under those circunstances, it's clear that the
macr ophage was the predom nant neans by which the
spore was taken up to the regional |ynph node.

Now, ol der studies actually that m ght go
back before you m ght inagine, predom nately those
of Ross, show that the spores are taken up, they
are transported to the regi onal |ynph node where
germnation occurs with free bacilli in about 24
hours. But some germ nation and killing actually

occurs in the |ung.

15
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An interesting point is that if there is
trauma, you can get germnation within the |ung
itself, not within the node. That may have
inmplications also in terns of some of the cases
t hat have been seen. And by trauma, | nmean that in
a generic sense. If thereis, in ny view, at
least, if there is likely evidence of ongoing
i nfl anmati on and exudation in the lung, that may be
atrigger for germnation by itself.

Recent in vitro studies show vari abl e
results of this interaction between the spore and
t he macrophage, but we all well know that there is
a big difference between taking a cell and putting
it inculture and exposing it to a spore, that
those conditions are at best nodels for what goes
on. But the results show either rapid killing with
some persistent |ive organi sms, uni npeded growt h,
or no growh at all. Those are the current studies
t hat have been ongoi ng.

As you mght inmagine, this disease, as |
sai d, goes back to the beginnings. This idea that
t he macrophage i s sonmehow a key and a very
i mportant cell, of course, was di scovered nore than
100 years ago. This is a drawi ng, probably not on

a slide projector but he probably actually drew it

16
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on the board when he presented this data. This is
from Meschni kof f and you can see clearly bacill

that canme from spores inside hepatic nacrophages of
the rat. So it was clear and self-evident that the
spores ingested by the reticular and the felial
cells and that germ nation occurs there and it is
absolutely critical for infection.

This is a nore recent study by the group
fromthe Pasteur which shows col ocalization of
spores. For those of you who are not color blind,
colocalization, I amtold, of green and red, making
yellow, of a licensed normal nmarker with the spore,
i mplying that there is phagol ysis on fusion

This is a little out of focus but shows a
study fromour |ab where this is the Sterne
bacillus, Sterne strain of anthrax. These are
| ysosonmes narked with horseradi sh peroxi dase. This
is an el ectron m crograph of a nacrophage. And you
can see a bacillus here which has the horseradish
per oxi dase surrounding it, indicative of fusion of

secondary | ysosone

This is one of the exanples. This is from

the work of Sue Wl kos where we are | ooking at
survival of the bacillus in macrophage cul tures

over time, and you can see in both prinary

17
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18
nmacr ophages as well as in nacrophage cell |ines
significant killing occurring over a four-hour
peri od. These studies are done in the absence of
any antibiotics, which can clearly confound these
results, and stand in contrast to studies fromthe
group fromPhil Hanner's [ab where--1 should say
the previous study was done with the Ames strain.
This is the attenuated Sterne strain. And over the
time course of this experinent, there was
proliferation of organisnms, uninpeded growt h.

This is work from M chelle Mck's | ab,
again showing with the Stern strain, |ooking at
colony-form ng units over a three-hour period, that
there was no significant inhibition between zero
and three hours of total nunbers of organisns, no
grow h and no killing of the Sterne strain.

So three different |abs, three different
results. It is unclear exactly what goes on in
vitro. | think in vivo is self-evident, two
things. One, the LD-50 is not 0.5 spores, it is
mul titudes of that. And so a significant
proportion of the inoculumis either killed or
never germnates. And two, clearly, germnation
does go on and the ani mal succunbs. So these in

vitro experinments probably replicate what, in fact,
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does go on, that there is sone killing and,
obviously, there is survival.

This is another cartoon. | amjust going
to reiterate that once that spore germ nates inside
a macrophage and is released, it is now
encapsul ated and resistant to uptake.

| put down here--this is showing the entry
of the toxin, and what is indicated here is a
non-specific cell target because |I think there's
been too much enphasi s on the macrophage, although
it's clearly dear to ny heart. It is not the only
target. It is the target that we study in vitro
because it's nost easily studied. But in terns of
what's going on in the host, | think it's inmportant
not to |l ose sight of the fact that receptors for
the toxins are ubiquitous and likely a multitude of
cells may be involved in the del eterious effects of
the toxins.

Unfortunately, you cannot see this, but
"Il describe in subsequent slides sone of the
ef fects, the physiol ogi cal and pat hol ogi cal effects
of the toxins on various host cells that have been
studied to date, and they are a |imted nunber of
cells, nanely cells of the phagocytic cell

This just shows, to keep in mnd the
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paradi gmthat's been established with endotoxin and
gram negative sepsis, that one of the centra
pl ayers has been the nacrophage w th, under norna
circunst ances, release of factors that are
responsi ble for natural host resistance, but under
ot her circunstances, when there's excessive
rel ease, those factors becone deleterious to the
host. That paradi gm has been around now for 40
years.

This is just another view of the sepsis
cascade, as it has been called, again, the
nmacr ophage being a primary player here, |eading
eventually to tissue injury, often with endothelia
cell danmage, and that nmay well be the case in this
di sease, as well. But the exact mechani sns that
are involved in here renmain yet to be detern ned
for this infection.

This is a cartoon or one simlar to it
that you will see in terns of howthe toxin is
t hought to work, and I"Il just nmention it briefly,
that PA binds to a receptor, eventually
capternmari zes an edena factor or lethal factor,
gets internalized through an acidic/indicidic
conmponent into the cytosol

Now, the effects of |letha

20
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toxi ns--unfortunately we're not going to see all
this, but--have been mainly studied on the
macr ophage, and 1'Il just review what is known to
date. It's clear that, again, in vitro, that
cytolysis occurs, that is the nacrophages of nmany
species are lysed with rel ease of all potentially
toxic constituents, and that includes the
pro-inflamatory nedi ators, reactive oxygen
i nternedi ates, and the |ysosonmal enzynes, which are
clearly toxic and danagi ng to the host.

The question that again remai ns unresol ved
and in the literature i s what happens with sublytic
concentrations of the lethal toxin. The initia
reports were that pro-inflammatory cytokines, TNF
al pha or interleuken 1, are rel eased, |leading to
this sepsis cascade that everyone is famliar with
and that nakes sense.

On the other hand, two other |aboratories
have reported the opposite, in fact, that sublytic
concentrations of the lethal toxin block the
release of, in this instance, nitric oxide and TNF
i nduced by LPS and interferon, or in another system
by LPS, that the production of TNF, inportant in
host defenses, is blocked, and I'll show you

briefly sone of the data here. 1'Il just go
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t hrough this quickly.

This is the time course of release of TNF
by either LPS or lethal toxin fromone of the |abs,
subl ytic concentrations. So the presunption is
this leads to inflammati on and an over-rel ease of
t he cytokine nediators | eads essentially to the
paradi gmthat we see in sepsis with sublytic
concentrations.

Now, ot her workers have shown the
opposite. Here is the release of TNF by, in this
instance, LPS and interferon. This is in the
absence of any toxin, two different cell I|ines.

And here's what happens with lethal toxin. You see
a dramati c bl ockage of the rel ease of TNF

And the sane results are seen here. These
are cells incubated with--we're | ooking at
TNF--incubated with LPS. These are different cel
lines. These are the cells incubated with sublytic
concentrations of lethal toxin. Under these
ci rcunst ances, no release, and, in fact, bl ockage.
If you preincubate with [ethal toxins, you bl ock
t he subsequent induced rel ease by LPS.

So the bottomline is that it's thought,
think, at this point in tinme that the organism in

fact, subverts the nacrophage early in the

22
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infection by lethal toxin, preventing it from
responding norrmally as it would with rel ease of
cytokines that call in the inflammatory response.
In fact, pathologically, one of the hall marks of
this disease is the absence of inflamuatory cells.
There is no pus in the malignant ederma of cutaneous
anthrax. There are no neutrophils and there are no
macr ophages, conpared to, say, a staff carbuncle.

Now, in terns of the edema toxin, there
are simlar effects on hunman nonocytes, that is, a
reduction of LPS induced production of TNF. So
both toxins in this instance, there's evidence,
both the lethal toxin and the edena toxin, block
t he production of cytokines that are necessary to
generate an inflammatory response that woul d be
i mportant in warding off the infection

So the organi smuses essentially both
toxins to block the i nedi ate host response of the
i nnat e i mmune phagocytic cells, and, of course,
once it's encapsulated, it's resistant to
phagocytosis. Wether ternminally there is massive
rel ease of cellular contents leading to a
shock-like state, | think remains to be fully
est abl i shed.

In terns of the--we've heard about the
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nmonocyte and the macrophage. It turns out that
there's also inhibition of phagocytosis by the
edema toxin. This was studi ed nmany years ago.
There's also inhibition of LPS primng of the
respiratory burst.

And | put down here, as you didn't see in
the other slide, but it nmade it to this slide,
again, other cell types. | think there's reason to
think that endothelial cells may be invol ved.
There's certainly, as we'll see pathol ogically,
reasons to support the target of the--that the
bl ood vessel may be a target in this infection

I think I'"lIl skip through sone of these.
This just shows the inhibition of phagocytosis
nmeasured as chem | um nescence by edena factor PA
pl us EF.

Now, pathologically, | just wanted to end
this portion of the discussion by noting that with
the release of the full pathol ogi c exam nation of
the cases at Sverdl ovsk that just was published
finally last year, there were a couple of findings
that | think were enphasized in that report, that
while present in the older literature were not as
noted as significantly and one of them was

vasculitis, and vasculitis involving not just the
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arteries and the veins but the capillaries, that
there was evidence of inflammtion in the
capillaries in a high percentage of the human cases
of inhalation anthrax that occurred in Sverdl ovsk.

And significant, and this had been, of
course, seen before, as well, there's significant
henorrhage, what was cal |l ed both hi gh-pressure
henorrhage with really nassive rel ease of |arge
anounts of blood, as well as | ow pressure
henorrhage i nvolving a diathesis of red blood cells
into the tissue, causing in the lung conpression
henorrhagi ¢ pleural infusions, and interference
with respiratory function, and obviously, in the
brai n, sometimes causi ng a subarachnoi d henorrhage.

Now, with the recent cases of inhalationa
ant hrax, again, a couple of other findings in ny
m nd suggest the inportance of the vasculitis.
Whet her or not there's endothelial danage, it's not
really been noted--noted pathologically. And somne
of the cases have had m cro-angi opat hic henol ytic
anem a. Now, mcro-angiopathic henolytic anema is
basically a destruction of the red blood cells,
of ten caused by vasculitis.

Whet her or not dissem nated intravascul ar

coagul ation occurs in conjunction with the



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

vasculitis is not always easy to determne.

Pat hologically, it was not present in Sverdl ovsk,
and al though there were signs biochemcally in sone
of the present cases as well as in Sverdl ovsk that
it did occur. And so it all points to danage of
the bl ood vessels as being another area that |
think needs to be | ooked at. Wether that's toxin
nmedi ated or not renains to be established.

Now, let me turn in the [ast few mnutes
to a coupl e points about vaccines. Before | |eave,
| just want to nmention another point is that with
all the focus on the toxins, it should be recalled
in ternms of pathogenesis that we have nmuch to
learn. Wth the new information coming out on the
genone sequencing, | think it will be clear that
there are going to be other factors that at |east
contribute to the pathogenesis. W know that sone
of the potential virulence factors that are present
in the other bacilli, in fact, are expressed in
ant hrax, and how i nportant they are remains to be
est abl i shed.

In ternms of vaccines, there are two
approaches that have al ways been taken. One is
live attenuated vaccines and acellular in vivo

expressed antigens, so-called aggressants. This is
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simlar to the paradigmthat's been seen with al
the ot her vaccines in the devel opnment of vaccines
for invasive infections.

You know about Pasteur using a m xed
culture of attenuated organi snms. That subsequently
led to the devel opnent by Max Sterne of a
non- encapsul at ed toxi nogeni c strain and the
devel opnent of a simlar |ive attenuated strain by
use in the former Soviet Union in humans. This is
a veterinary vaccine that's been used since the
1940s.

The early protein conponent vaccines are
i mportant and interesting and they |led eventually
to the licensure of the current vaccine. One point
| think that's of interest to nme is that in the
devel opnent of these vaccines, the very earliest
vacci nes that were devel oped were vacci nes that
wer e produced under in vivo conditions.

That is to say that they took tissue
extracts, so what you had was in vivo grown
organisns with in vivo antigens, all of them and
that's what we're trying to do today, is to find
out what antigens are expressed in vivo
specifically that may be inportant in protection as

well as in virulence. And such antigens were, in

27



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

28
fact, very protective. They were crude m xtures,
obvi ously, but they were the in vivo expressed
antigens in their native configurations.

I"mnot going to--you know about the
current vacci ne whi ch came out of the devel opnent
that began with these aggressant vacci nes.

"Il just spend a mnute tal king about the
approaches to new vaccines. Al of the focus at
the present tine--1 shouldn't say all the focus,
but nost of the focus is on the use of reconbi nant
DNA vacci nes. There's obviously an enornous anount
of work going on in other areas, including nutants
of PA, LF, and EF, an enornous anount of work on
adj uvants and delivery systens. Every live
attenuat ed vaccine carrier, | think, just about,
has now been--and | heard about another one out in
the hall that's going to be done, or has been done
al r eady.

The usual other characters, DNA vacci nes,
other viral replicons, plants, of course, skin
delivery, | should nention. And, of course, now
the identification of new antigens. There's recent
work fromthe group in Israel and al so the group in
France showi ng sone efficacy now of spore antigens,

as yet undefi ned.
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So there'll be, | think--clearly, this is
the first vaccine, the reconbinant PA but we wll
clearly see a nultitude of other expression
systens, delivery systens, adjuvants, and new
i Mmunogens.

"Il just close with two slides here--no,
no, I"'msorry. | have nore slides. Humans nake
anti bodies to the toxin conponents, to the capsul e,
and to ocellar [ph.] proteins. That's what's
known.

In terms of the possible nmechani sns of
PA-i nduced protection, there's induction of toxin
neutralizing antibodies, that | think Steve wll
briefly touch on. There's induction of antibodies
that inhibit spore germnation. This is the work
of a group fromthe fornmer Soviet Union, as well as
Sue Wel kos. And there's induction of antibodies
enhanci ng spore phagocytosis and increasing the
rate of killing, again, the work of Sue Wl kos.

I'"mgoing to pass through this. |'m going
to briefly just show you the difference
between--this is germ nation over tine, pre-imune
serum very rapid, anti-reconbi nant PA anti-serum
in addition to germination. The exact nechani sm

for this remains to be established. This is,
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again, the work of Sue Wl kos.

Thi s shows phagocytosis in nonkey inmune
serum conpared to pre-imune serum increased
phagocytosis. This is shown here, as well. This
is the Anes strain with inmmune serum versus norna
serum This is with a PA nutant, where there's no
effect of this imune serum Again, this was
somewhat of a surprising event, suggesting that PA
may be--or a simlar nolecule my be present on the
spore. But it says sonething about the potentia
mechani sm of i mMmunity.

This shows a nore rapid--this is a nunber
of CFUs per nacrophage with i mune serum versus
non-i mmune serum and this is after 60 m nutes.
There's al ready evidence of a nore rapid killing,
al t hough the eventual killing is the same with
i Nune versus pre-inmune serum

And then the |ast slide shows, again, what
we'll talk about. To date, there's evidence that
t he anti body, the PA neasured by ELI SA and toxin
neutralization correlate with inmunity induced by
AVA. But simlarly, with live attenuated vacci nes
and a guinea pig nodel, then anti body to PA
correlates with inmunity. And it appears--again,

this is the work fromthe group in Israel--that
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toxin neutralizing antibody is a better correlative
i mMmunity than is an ELI SA

Now, I'll stop here and take any questions
you have

COL. DANLEY: Are there questions?

VS. 1 think we're going to
hol d questions until the end of the di scussion

COL. DANLEY: (Ckay, great. | have a real
qui ck announcenent to nake. It's always ny
pl easure to enbarrass people in public, but as nany
of you know, Dr. Friedlander recently retired from
the Arny and it's very customary to present to
people retiring fromthe Arny things to put on
their walls at honme. W didn't from our program
of fice have an opportunity to do that and I'd Iike
to take a nonent to do that now

But 1'd also like to take a nonment to kind
of inpress on you the acconplishnments of Dr.
Fri edl ander and his col | eagues at USAMRI | D.
Suffice it to say, you ve seen fromthe work
presented here efforts that he and his col |l eagues
have nade over the years in understandi ng ant hrax
vacci nes, but the two points | want to nake are
that a lot of the work that was done in your

| aboratory on antibiotics fornmed the basis for
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treating the individuals who were exposed in the
recent terrorismacts.

But nore inportantly, it's the fact that
t he support for your work has not always been
consistent, that there were | ean years, that there
wer e peopl e, nyself included, who sonetines gave
you a lot of trouble in that process, so that there
wasn't a lot of gratitude in that process. And
suppose, as a scientist, you sort of just hang in
there and sort of believe that what you're doing is
the right thing, and indeed, in this case, it was
the right thing.

Sol'dlike to give you this certificate
of appreciation, to Colonel Art Friedl ander, for
out st andi ng support and selfless service to the
Joi nt Vacci ne Acquisition Program our program
office, and the men and wonen of the Arned
Services. Art, thank you very, very, very nuch
sir.

[ Appl ause. ]

DR FRIEDLANDER In the interest of tine,
I"1'l shut up.

[ Laughter.]

DR FRIEDLANDER. | was just instructed to

i ntroduce an alumus of USAMRIID. Steve and | have
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been worki ng together now for nore years
t han- - before, when | had hair and when he had gray
hair. Steve is now at--he's been at NIH for how
many years now?

DR LEPPLA: In fact, the program has ne
affiliated with NTAID, which is not accurate. That
may happen in the future, but for the tinme being,
I"'mactually at NNH in the National Institute of
Dental and Cranial Facial Research of the Dental
Institute.

So Art has given you a broad view of the
baci | lus anthraci s pat hogenesis and that allows e
to focus on aspects specific to the toxin, and |']l
make a small nunber of points which are listed
here, basically that there's convincing evidence,
genetic and i mmunol ogi cal, that the toxin
contributes in a nmajor way to virul ence during
bacillus anthracis infections, and then I"I
explain that the cellular interactions of anthrax
toxin are very well characterized through work in
several |abs over the |ast decade are so.

The physiol ogical effects of the toxin are
only partly understood. Art discussed those and
poi nted out both the gaps in the know edge and sone

of the contradictory aspects of the data. And the
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major point I'Il try to nmake, based on this other
data, is that antibiotic neutralization of toxin
can be expl ained by reference to the known
structures of these anthrax toxin proteins.

So just to fill in, what I'll show you is
that there's genetic evidence from knocki ng out
toxi n genes that each of the toxins plays a role in
virulence. Cdearly, anti-toxin antibodies are
sufficient to protect against infection. In terns
of cellular interactions, we have a good
under st andi ng of how the toxin gets into cells.

The toxin receptor was recently identified.

There's evidence about cell type distribution of
the receptor, which is relevant to what cells and
tissues the toxin will target. And we know how t he
toxi ns work once they get inside cells.

Art has indicated in depth what the toxin
does in ternms of pathogenesis. 1'll end, then
speaki ng about toxin neutralization. W have the
structures of all three toxin conponents and we can
use that know edge to understand how t he
neutralizing antibodies function

You know, of course, that the toxin cones
in these three large proteins secreted by the

bacteria. This is evidenced from M chell e Mck at
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the Pasteur Institute, indicating the role of the
i ndi vidual toxin conmponents in virulence. This is
in a nouse nodel, and what you can see is the
virul ence--this is LD-50 for mce of the Ares, the
very well now known Anes strain. Five spores are
sufficient to induce a lethal infection in a nouse.

It turns out the capsule is actually
perhaps nore relevant for infectionin mce. I'm
sure there will be discussion |ater about the
relative roles of toxin and capsul e in nouse
nodel s. But clearly, both knocking out toxin
producti on or capsul e production has a |arge effect
on the virulence of the organismfor mce

By knocki ng out individual conponents of
the toxin, it was proven that knocking out edena
factor reduces virul ence about ten-fold, so it
pl ays a | esser role than the other toxin
conmponents. Knocki ng out PA or LF reduces
virul ence nore than a thousand-fold. So this is
genetic evidence, then, that the toxin has a clear
dom nant role in pathogenesis.

Anti-toxin antibodies protect agai nst
infection. This is why we're here. There's a
| arge vol une of experinmental data that antibodies

to PA are protecting against infection. | can't
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attenpt to list those. There's a rmuch snmaller body
of evidence indicating the antibodies to the other
toxi n conponents night play a role in protection
agai nst infection. So there's evidence that's
somewhat indirect because it wasn't done by

i muni zing with purified toxin conponents, but at

| east there's suggestive evidence that antibodies
for the other toxin conponents are protective.

Not nentioned here, because it's
unpubl i shed, is work fromDarrell Galloway and
col | eagues usi ng BNA vacci ne approaches, indicating
that anti bodies to LF can, indeed, protect agai nst
infection. That's probably the nost definitive
evi dence to date.

This is alittle bit of data. This is
fromthe Israeli group, fromthe paper | just
referenced, and here, what they did was to put
rabbit seruminto guinea pigs, and in fact, this is
a post-challenge experinment. So they're giving
these antisera 24 hours after intranasal chall enge,
so the protection is not inpressive, but since it
is 24 hours post-infection, |I think it is clearly
significant.

What was shown is that antiserumto PA

does protect one ani nal out of the eight and
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prolongs the tine of death. Anti-LF at higher
doses protects a quarter of the aninmals and del ays
time to death, and a mxture is also protective

So this is direct evidence, then, that specific
antibodies to toxin are protective in an infection
nodel , and again, this post-chall enge nodel

So what do we know about the pat hways of
toxin internalization? You ve seen one cartoon
W' ve redrawn the cartoon, but it's the sane
i nformati on that you saw earlier. W know that PA
binds to a cellular receptor. This was recently
identified and worked by John Young at Wsconsin to
be what he called anthrax toxin receptor. This is,
in fact, a variable--one of several transcripts of
a nol ecul e call ed tunor endothelial marker 8,
identified just a year ago in Johns Hopkins as a
nol ecul e up-regul ated on the endothelial cells in
col on tunors.

So PAis bound to its receptor. It's
activated in an obligatory proteolytic cl eavage by
furin, a cellular enzyne, snmall ampounts of which
cycle to the cell surface. Ceavage allows the
fragment to be released into the medium It has no
other role in subsequent steps. The receptor-bound

PA-63 al i gamari zes and apparently the receptor al so
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al i gamari zes and you get this very tight heptoneric
speci es that can also be produced in vitro and is a
very tight conplex.

The activated formhas a new surface, a
new y- exposed surface to which the lethal factor
and edena factor can bind. They bind to the sane
sites. Surely in vivo, you'll have a mxture of LF
and EF-bound onto the heptoner. The new evi dence
fromJohn Collier's lab is that, in fact, there are
only three binding sites for LF and EF on the PA
heptoner. Oiginally, we had said there were
seven, but there is convincing evidence that it
takes two PA-63 nol ecules to nake a binding site
for LF and EF.

So you get a conplex form You get
endocytosis. Acidification causes a confornationa
change such that the heptoner inserts in the lipid
bi |l ayer to nmake a protein conducting channel
These enzynes, LF and EF, nust unfold to pass
through the Iinine of that channel to reach the
cytosol. They nust have the ability to refold and
becone active enzynes, edenma factors, and then late
cyclase [ph.]. It nmakes too rmuch cyclic ANP and
lethal factor is a protein--I"msorry, a

net al | opr ot ease, whi ch cl eaves a nunber of the MAP
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ki nase nol ecul es involved in essential signa
transducti on pat hways.

As | nentioned, the receptor for PA was
recently identified as TEM8 in this publication in
nature and this is a little bit out of line with
our previous results, which indicated that there
are receptors for anthrax toxin present on
essentially every cell that has been exam ned. It
shoul d be nentioned that nost of the cells we | ook
at are tunor cells, the cultured cells, and so it
still remains to be seen what the situation in an
intact organismis and what cells wll
preferentially have receptors for the anthrax
t oxi n.

This is fromthe original description by
Ki nsl er and Vogel stein of the TEM nol ecul es, and
TEM 8 is represented here. It has a single
extra-cellular domain to which PA binds and a | arge
intra-cellular domain which is potentially able to
transmt signals. So this receptor is potentially
a signaling nolecule so that binding of a |igand,
per haps even PA to this receptor mght have sone
physi ol ogi cal consequences for a cell.

So again, we know very well what these

toxins do inside the cells. The edema factor is an
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adeol ate cyclase and lethal factor is a
net al | oprotease and it now cl eaves all of the MEKs
that have been examined, and as far as is known, no
other substrates. MEK 5 appears not to be a known
substrat e.

But what we haven't discussed is there's
reason to consider that there mght be additiona
substrates of lethal factor, and this is largely
because we cannot explain the rapid |ysis of nouse
macr ophages by cl eavage of MeEKs. MEKs occur in al
cells, non-macrophaged cells, as well. Those other
types of cells do not Iyse. It's only nouse
macr ophages and certainly classes of nouse
nmacr ophages which Iyse. So we and others, | think
are considering that there may be additiona
substrates which are rel evant.

Toxin roles in pathogenesis, this is
| argely speculations on ny part. As | point out
here, Art has pointed to its interaction--to the
role of toxin in the interaction of spores with
phagocytes. So it's clear that the toxin can
i nactivate phagocytes fromw t hout, either by
| ysi ng macrophages or by elevating cyclic ANP
| evel s. You could inagine that a phagocytozed

bacteria inside a nacrophage could continue to
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secrete toxin, and so perhaps that toxin could work
fromw thin the macrophage, and then perhaps the
lysis of the macrophages is inportant to rel ease
the vegetative cells and establish the bacteremc
phase.

Pronotion of septicemia, | think there's
reason to think that the toxin continues to act.
For instance, the evidence | showed you fromthe
post -chal | enge prophylaxis with antisera indicates
the toxin continues to play a role later. Perhaps
it's inmportant to continue knocki ng phagocytes
down, but that, again, is speculation

And destruction of essential tissues and
organs, you can clearly kill animals with toxin,
but exactly what the targets is not clear, as Art
has pointed out. There's new evidence in
nmel anocytes that you can i nduce apoptosis by |letha
toxin, but again, the rel evance of that to an
infection is not clear.

The established effects of the toxin are
that it |yses nouse macrophages. Again, this is
probably a peculiarity. As Art nentioned,
macr ophages have been a focus of attention, but
whet her they play a central role in pathogenesis in

animals is not, | would say, well established, in
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part because there are nany inbred strains of mce
fromwhi ch the nmacrophages sinply are totally

refractile to lethal toxin, and yet those mice can

still be killed with lethal toxin injections.
Their death is sonmewhat del ayed, but they still are
killed.

The other nodel that's widely used is the
rapid lethality in Fisher 344 rats. You inject
toxin IV and the rats can die in as little as 38
m nutes. But again, other rat strains are nuch
| ess susceptible to this node of challenge with
toxin. So both of these systens are conveni ent and
i mportant bi oassays, but whether they reflect the
situation in vivo is not clear

A nore nornmal situation is probably the
death caused in BALB/C mice by toxin injection
whi ch occurs in several days, probably nore
characteristic of an infection

Fortunately, we have now the structures of
all three of the toxin conponents and this is
hel pful for us in understandi ng how anti bodi es
work. So the crystal structure of anthrax |etha
factor was di ssolved and reported a few nonths ago
and you see in this structure the end term na

domain, which is very simlar to that in edenma
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factor. This is the structure which interacts with
PA to cause internalization of this nolecule into
cells, and the rest of the nolecule perforns the
catalytic site. It's a netalloprotease. You can
see the zinc in the active site. Here it is shown
docked with its substrate, the interm nal peptide
of MAP ki nase ki nase.

In terms of anti body neutralization, the
work | nmentioned from Gall oway was essentially
i nduci ng anti bodies to the termnal domain of LF
I mght go out on a linb here and specul ate that
t hose anti bodi es are probably going to be nore
effective in neutralization than antibodies to this
domai n.

There is | think evidence fromdiphtheria
toxin that antibodies to the catalytic chain are
| ess effective in neutralizing than antibodies to
the binding donmain. That is perhaps understandable
in that an antibody to this region would prevent it
frombinding to PA. An antibody to this region, in
fact, would have to be carried along with the LF
into the endosone. The pH would fall, so the
ant i body woul d be | ess-favored environnent to
maintain its affinity for LF. And then when this

catal ytic domain unfolds the path to the lipid
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bi | ayer, you could inagine sloughing off in the
anti body that was binding to the conformationally
determ ned epitope. So, again, antibodies to this
domain may be nore relevant for neutralization

The structure for edema factor was sol ved
and reported just a nonth or two ago. This is a
structure that was solved in conplex with its
essential cofactor calnodulin. |In the picture
here, we have subtracted--1 should say the
crystal | ographers have subtracted the cal nodulin
domai n, so you only see EF regions, but not too
much is knowmn. EF is clearly the | ess studied of
t hese nol ecul es.

The inportant one, protective antigen, the
structure was sol ved several years ago. You have
the N-term nal domain, which is renoved by FURIN
cl eavage. The donmain 2 forns the channel, the bul k
of the channel through the lipid bilayer, and
domain 4 is especially relevant because it is the
receptor binding domain. | didn't nention the new
evi dence the immuni zation with just domain 4 can
infer protection. So, clearly, this is an
i mportant part of the nol ecul e.

VWhat was | earned by studies with nouse

nonocl onal anti bodi es? Antibodi es were nade at
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USAMRIID in the '80s by Steve Little, and

Fri edl ander, and Leppla and others. The genera
conclusions | think were that, of the |arge nunber
of nmonocl ones that were nmade, only three snal
site--a small nunber of those were actually
neutralizing antibodies, and they could be sorted
into three groups, depended on what they reacted
Wi th.

So there is a receptor binding donmain in
domain 4, which | just referred to, and so these
are neutralizing antibodies that neutralize by
bi nding to domain 4 and preventing it from binding
to cells.

There is an LF binding region on domain 1,
and this is typified by nonoclonal antibody 1G3.
These anti bodi es essentially conpete with LF for
the LF binding site. There is another set where
the role is |l ess understood. | especially want to
try your attention to this antibody 1G3 because it
is aunique nolecule in that it will neutralize at
| ess than stoichionmetric amounts. So, in cel
culture, a tenth of a mcrogramwll neutralize a
m crogram of PA, and it does that because it only
reacts with the activated species, the PA 63. It

doesn't waste its tinme reacting and it does not
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react with intact PA. So there is a sparing
activity. It is only recognizing the active
species. So that is an inportant antibody. It is
one that | hope people will consider for devel opi ng
as a therapeutic agent.

Just to reiterate, the 1G3 anti body type
reacts at the surface, which is exposed by renoval
of domain 1A. Wereas, 14B7-type anti bodies react
on domain 4. Mre specifically, we know that they
react with what we call a small |oop. W were
doi ng extensive nmutagenesis in the small | oop of
dormai n 4, and we can show that nutations in the
snmall | oop prevent the nmutant PA fromrecognition
by 14B7.

And 14B7, the gene has been cloned, and
Affinity-inproved version of 14B7 has been
devel oped by CGeorge Georgio at the University of
Texas and shows quite good efficacy in neutralizing
toxin in the rat nodel previously described. So
that 14B7 inproved variant is a candidate for a
t herapeutic neutralizing antibody.

So, again, just to reiterate, antibodies
to toxin work because there are a nunber of things
going on, on the surface of the cells. You have a

nunber of targets, opportunities for interfering
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with toxin action. You can block PA binding to its
receptor, you can bl ock the surface on the top of
the PA heptoner, to which LF and EF bind. | have
not described in detail antibodies to EF and LF. |
think those play a smaller role, but they should be
better characterized for their potential utility
and to understand better the inportant epitopes on
LF and EF that we would like to target.

So, just in conclusion, | can say that the
availability of the structures of the three
conponents have led to a description of how the
anti bodi es neutralize the toxin, and this allows us
to design serological tests that will be predictive
for protective immune response. | think if we
understand those neutralizing epitopes, we can | ook
in the antibodi es i nduced by vari ous vacci nes and,
at least in the laboratory, identify those antisera
whi ch contain the right antibodies, the antibodies
directed agai nst those neutralizing epitopes.

Thank you for your attention.

[ Appl ause. ]

DR BURNS: Before Art opens this up for
questions, | just want to nmake the announcenent
that we are transcribing this workshop, so it is

going to be inportant, when you ask a question
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that you use a mcrophone, and there will be
m cr ophones set up down here.

Pl ease i ndicate who you are and where you
are from Thanks a |ot.

DR FRI EDLANDER. Ckay. W'Ill open this
up for discussion. | think it is sort of
sel f-evident that we know a great deal nore about
toxins. Sone of that is because of the interests o
of cell biologists and sone of it is because it is
easi er, even though it's not easy, and then what
goes on in an ani nal

Yes, Drusilla?

DR BURNS: This is Drusilla Burns from
CBER

The finding that antibodies to PA affect
spores is really surprising, and I note that you
probably don't know a | ot nore about it than what
you told us, but could you speculate a little bit
on how the anti bodi es nay be affecting the spores?

DR FRIEDLANDER: That is an intriguing
question. | don't really have the answer for it.
Again, this is, as | nentioned, the work that is
done by Sue Wellcos. It followed on sone
observations that were reported wi thout nuch data

by a group in Russia, and she followed up on that
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and basically denonstrated, as | said, one, effects
on both germination, as well as on opSim zation,
and the question then is is, one, is this PA? |Is
it sonehow, | mean, the presunption is this is
exposed on the surface. There is an experinent
that | nentioned that was done with a col | eague
fromlsrael, where a PA-null nutant, an insertion
mut ant did not show the sane effect of

opSi m zati on.

Now there are other interpretations of
that, though; that is to say, that in the
preparation and purification of the spores, it's
concei vabl e that PA being produced i s sonehow
absorbed to the surface even though these are cl ean
spores, wet spores. |It's conceivable during the
generation of sporulation, when there are
vegetative organisns there that are bei ng degraded
and |ysed, that PAis present and binds to the
spore, and that nmay be the interpretation. | don't
know that that's the answer to that. So that woul d
explain also why the PA nmutant is noneffective, but
it nevertheless is intriguing as to how it affects
germnation. QpSimzation | think is
under st andabl e.

DR ZOON. Kat hy Zoon, CBER
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Steve, | have a question. Has anybody
| ooked yet at antibodies to TeM8 to see if they're
neutrali zi ng.

Secondly, and this is to both of you,
woul d you predict that a cocktail of
i mmunogl obulins, with the primary epitopes that
have been pointed out to protective antigen |etha
factor and other inportant criteria, mght be an
approach for devel opi ng a therapeutic procedure?

DR LEPPLA: Very little is known about
TeM 8. TeM 8 was only discovered a year ago.
There's only two papers published about it. |
think the Kinslow lab is | ooking at questions |ike
the one you raised. A related question is what is
the natural ligand of TeM8. W'd certainly like
to know whether there is a nornal ligand to TeM 8
and whether PA interaction with TeM 8 woul d affect
the function of the normal |igand.

| didn't nention, in terns of
t herapeutics, the paper that | showed you from John
Young. They did, in fact, express the
extracellular domain of TeM8. In E coli and in a
cell culture nodel, they showed that that did bl ock
toxin action. So I think the extracellular domain

as a receptor decoy is a therapeutic that people
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are going to be pursuing.

In terms of the cocktail, do you want to
respond to that?

DR FRIEDLANDER. Sure. | would just add
one point in reference to the receptor. There have
only been linited studies done, and none recent to
my know edge--well, | take it back. There probably
are that | don't know about, in terns of the
vaccines. Wat | was getting at was the potentia
side effects or toxicity of protective antigen by
itself. Presumably, there is this receptor
There's sone old data in the literature that
suggests that there nmay be sone effects of
protective antigen by itself. | know that there
are sone toxicity studies that have been done, and
| presune it's been safe, but that's sonething to
keep in mind in ternms of this receptor. The TeM 8
receptor for PA by itself, somehow triggering that
receptor.

The second point, in terns of a nultitude
of anti bodies, Steve Little did sonme of the early
studi es with passive protection with these
anti bodies, but | don't think there were any
cocktails that were studied

Nevert hel ess, in other nodel systens, it
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is clear that you can get increases of affinity by
a multitude of antibodies, and that's of course the
advant age of polyclonal antibodies. Wrk has been
done with botulinumtoxin that clearly shows

i ncreased effectiveness of a cocktail of nonocl ona
antibodies. So | think you can anticipate that
that woul d be the case here too.

I think, at l|least count, every conpany
that has nade t he human nonocl onal antibody is
making one. It's up to, | don't know, 12 or
somet hing that I know of. | don't know You
pr obably know nore.

MR SIBER [Of mcrophone.] CGeorge Siber
of Weth.

The core of our discussion today is likely
to be published on neutralizing anti bodi es and
their measurenent. You described three nethods:
The nmouse macrophage for surette[?] and then nouse
fality[?]. But when you conmented about those, you
worried that there may be nultiple Iethal functions
whi ch are not neasured by one or the other of these
nodels. Wat | wanted to knowis, is there
evidence, in fact, for that? In other words, are
there toxin nutants or inactivated toxins that are

i nactive in one of those nodels and yet are really
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i nactive in another?

DR FRIEDLANDER |'m not aware that
there, but the physiologic effects of the toxins
have not been well studied, other than the |etha
effect or the edemn, and the edema has not been
wel | studied.

So the question as to whether or not there
are other effects, if | understood what you are
saying in an aninmal, for exanple, by an LF nutant,
whet her LF might have other effects other than its
catal ytic domain would be hard to know, | rmnean, it
woul d be unlikely I think. On the other hand,
there are multiple functions of proteins, and,
don't know, | haven't thought about that, but it
woul d be hard to know - nobody has denonstrated any
effect other than in an aninmal, but you' d have to
see what nmay be a nore subtle effect that you' d be
| ooki ng for.

DR HEW.ETT: Erik Hewett, the University
of Virginia. Thank you both for your
presentations. | have a couple of questions. |
will ask themand | et you answer, rather than
piling the questions up

The first is that this illness is

descri bed as one that is not transm ssible from
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patient to patient, yet in the phase of bacterem a
| presunme that this would be behave |ike a

bl ood- bor ne pat hogen and be transm ssible by bl ood
products; is that not the case?

DR FRI EDLANDER: Absol utely the case

DR HEWETT: Ckay.

DR FRIEDLANDER: | nean absol utely never
have seen evidence for that, but I think you can
say absol utely.

[ Laughter.]

DR HEW.ETT: That's as absolute as you
can get.

DR FRI EDLANDER: Absol ute as you can get,
right.

DR. HEW.ETT: There is obviously an
i mportant phase of this infection in which the
organi sns are residing intracellularly in
macr ophages or at |east passing through. Wat do
we know about, nunber one, both of you alluded to
this a little bit about production of toxin during
the intracellular phase versus organi sns that are
in the bloodstreamor resident in the tissues.

Second of all, as is the case now at | east
in sone instances with H'V, are these organi snms

gai ning access to the central nervous system and
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ot her places such as that as free organi sns or
m ght they be carried there by nacrophages that
still have organi sms within thenf

DR FRIEDLANDER. Well, there's data from
M chell e Mock's | ab by | ooking at gene expression
that the toxin genes are expressed inside the
macr ophage very quickly. | don't know that there's
any data on protein expression. No, no. These
were fusion. | think some of these were |ack C
f usi ons.

DR. HEW.ETT: O GFD?

DR FRIEDLANDER. | don't think anybody's
done GFD, but there's evidence that it's expressed
intracellularly in the nacrophage.

DR, HEW.ETT: But nacrophages are killed
fairly quickly by LF comng fromthe outside or
sone macrophages are--

DR FRI EDLANDER: At hi gh concentrations,
right. | think the question as to whether, and
alluded to that, whether in other forns of the--I
didn't have tine to go into it--whether in other
forns of the infection, that is, the cutaneous
nodel , whet her or not you really need a macrophage
I think has not been proven.

In terms of how the organismgets to the
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CNS, | have no idea. The speculation that it could
cone intracellularly is entirely reasonabl e.

We do know that there are sone patients
that present with nmeningitis. |In fact, there has
been one outbreak, a renmarkable outbreak with
think it was food--1 can't renenber, it nay have
been handl i ng--where nost of the cases in India,
think there were six or seven cases, and five of
them had neningitis or sonmething like that. It was
extraordi nary.

So it is clear that in sone instances,
that spore gets through really quickly, | nean, the
presunption is it is com ng through the lung, and
seeds the brain, and once that occurs, | think the
chances, of course, for survival and the host being
able to contain the infection are not very great.

| should al so point out that, again, in
meni ngitis, and pathologists may add to this, there
is often significant vascul ar involvenent, a direct
i nvol venent of the bl ood vessels.

DR, HEW.ETT: Including increased
bl ood-brain barrier perneability?

DR FRIEDLANDER: | don't know. | mean
that has not been studi ed.

DR HEWETT: The final issueis, in
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M chell e Mock's mutant that is nontoxogenic, but
still has an LD 50 of only 10 to the 3, what was
t he pat hol ogy and the node of death in those
organisns? | think we focus a | ot on toxin.
Qoviously, with lethal toxin able to kill animals
and patients dying, that is the ultinmte endpoint
that is easy to |l ook at, but how do ani mals that
have only encapsul ated organi sns di e?

DR FRIEDLANDER First of all, the
observation was nmade initially by Sue Wl kos,
where--actually, it was nade by sone Russians,
al so, because the Russians nmade nost of the
observations, and that is that a PXOL-m nus strain
kills the mouse. That was what Sue denonstrated

| don't know that there have been any
detail ed studies of, and that would be very
important to do, of--1 don't recall that they were
done.

DR, HEW.ETT: Thank you.

DR BURNS: | think, for the sake of tine,
we are going to need to nove on, and I want to
thank Art and Steve.

W got a late start today, so we're only
going to get a 15-mnute break. W're going to

start exactly in 15 m nutes.
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[ Recess. ]

ANl MAL MODELS

DR BURNS. Qur next session is going to
concern ani mal nodels. This subject takes on a
particul ar i nportance for anthrax vacci nes because
it is very likely that human efficacy trials wll
not be feasible to conduct, nor would they be
ethical to conduct.

In situations like this, the FDA is
considering a proposed rule that would allow the
use of animal data, data from animal studies, to
support the efficacy of vaccines. Nowthis rule is
in the proposed stage. It has not been finalized,
so | say everything | amgoing to say with the
caveat that it could change. However it is under
final review by OMB. So we are hoping the fina
rule will be out shortly.

I thought, to introduce the session, it
woul d be inportant to give you a little education
about this proposed rule that we call the anim
rule. Now, first, the scope of this rule is that
FDA may approve a biol ogi cal product for which
safety has been denonstrated based on efficacy data
obt ai ned in adequate and wel | -control |l ed ani ma

trials. | think it is inportant to point out that
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the safety data, of course, would have to be in
humans. It would be the efficacy data that would
be in the animals.

Now this could occur if the product is to
be used in the reduction or prevention of serious
or life-threateni ng consequences resulting from
exposure to a biological agent. The product would
be expected to provide benefits over existing
treatment, and human efficacy trials are not
feasible or ethical.

Now witten as the proposed rule, there
are four requirenments, and I think we need to keep
these in mnd as we go through our discussions
today. The first requirenent is that there is a
reasonabl y wel | -under st ood pat hophysi ol ogi ca
mechani sm of the toxicity of the substance and its
prevention by the product.

The second one is there is independent
substantiation of the effect in nultiple aninma
speci es, including species expected to react with a
response predictive for hunans.

Thirdly, the animal study endpoint is
plainly related to the desired benefit in hunmans,
which is generally the enhancenent of survival or

the prevention of major norbidity.
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Finally, the data or information on the
ki neti cs and pharmacodynam cs of the product or
other relevant data or information in aninmals and
humans al | ow sel ection of an effective dose in
humans.

Well, in this session, we are going to
concentrate on the second requirenent, which is
there is an i ndependent substantiation of the
effect in multiple animal species, including
speci es expected to react with a response
predictive for humans. W are going to hear about
a nunber of animal nodels, including the human

I think what we need to do is pay
particular attention to the follow ng questions:
VWhat is the nature of the disease in a particular
ani mal species and does it |ook |like the disease in
humans, and does the i mMmmune response in the ani na
resenbl e the human i nmune response?

To start out, what we are going to do is
hear about the human di sease, and Dr. Phillip
Pittman, fromUSAVMRIID, will tell us about human
pat hol ogy and the hunman i nmune response.

DR PITTMAN. Thank you very much. 1'd
like to thank the organizers for inviting nme to

tal k here today on the subject of human di sease
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caused by anthrax and the human i nmune response to
the current |icensed ant hrax vacci ne.

The human di sease is characterized
basically by three fornms of disease, which include
cut aneous, gastrointestinal and the inhal ationa
formof anthrax. W will also discuss the human
response to the licensed anthrax vacci ne, which we
have been calling for several years AVA, but has
been revived now by the nanme of Biothrax, but I
will continue to use the termAVA in this
presentation.

We will discuss the background studies
that led to a dose reduction, route changed pil ot
study, which was the basis for Congress funding CDC
to do a pivotal study to | ook at a decrease in
dosage and a change in route for adm nistration of
AVA, and we will discuss the serol ogic and
speci m zation studi es which was the background to

this pilot study.

W will discuss the study itself, and then

we will discuss the idea of sustained boosting
versus interval boosting of the anthrax vaccine,

whi ch was done at Fort Bragg. |If there is adequate
time, we will go through the anal ysis of VAERS

forns and sone future studies.

61



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

As you know, the cutaneous form of the
di sease was fairly common in the recent outbreak
There are al so gastrointestinal and the inhalation
forns, and the norbidity and nortality associated
with these forns are so that the inhalational form
is the nost norbid. |In the nost recent outbreak
the nortality rate was 50 percent. You nay recal
that the old data suggested that the nortality rate
approached 90 to 100 percent. So that even wth
the use of triple antibiotics, the powerful
antibiotics that we have today, there was still a
50- percent death rate.

This is an exanpl e of cutaneous ant hrax.
You can notice the classic S scar. Biopsies were
taken at these points. By the way, if you take a
bi opsy, | amtold by the pathol ogists that this is
not the best place to do it, but rather to take it
close to this area, to the advancing border. That
woul d give nore classic findings than where those
bi opsi es were taken

This is another patient. |In this case,
the S scar is no longer present. The S scar has
fallen off.

This is an infant with cutaneous ant hrax.

Here we see the classic S scar. This is creamthat
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was put on the child in order to decrease sone of
its synptons.

This is a slide of gastrointestina
anthrax. You may notice the henorrhage and edena
that are fairly promnent. This is a CT scan
t hrough the abdonen with IV contrast. | just want
to point out here, and you nay not be able to see
that, that there is edema of the bowel wall, as
wel | as pneurmatosis, which is shown here in these
areas. These are sone of the classic findings of
the gastrointestinal form

Art has already gone through the
i nhal ational formfairly extensively, just to show
that, again, the neat of the pathology is in the
peri bronchial and nedi astinal |ynph nodes. You saw
this slide before. The head is in this direction
the trachea and the bifurcation with this infected
| ynph node.

This is another view of the sane thing.
Again, the head is in this direction, the trachea,

t he bronchi, showi ng a massive anount of henorrhage
that is characteristic of this disease.

Agai n, chest X-rays showi ng nedi asti na
wi deni ng, bilateral hilar adenopathy and pl eura

effusion. Pleural effusions are seen here, and,
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again, the very inpressive | ynph nodes of this
di sease.

I will just skip through sone of these.

O course, this is the brain. This is the norna
brain, and this is the brain of the patient who has
succunbed to anthrax, show ng the henorrhagic
process that takes place.

There is an effective vaccine that is
licensed for the prevention of anthrax, and that
vaccine is known as AVA, as we call it, or
Bi othrax, as it has been renanmed. The vaccine is
given in a primary dosing schene of six doses, with
t hree doses being given two weeks apart over four
weeks, and three additional doses are given siXx
nont hs apart at six nonths, twelve nonths and
ei ght een nont hs.

W, in our studies of the vaccine, wanted
to see if we could inprove upon both if we could
decrease the nunber of doses and what we will refer
to as the primng doses and al so we coul d decrease
t he nunber of |ater secondary doses fromthree to
two in an effort to get the primary series down to
a total of four doses of over 18 nonths.

Before we get into those studies, | would

like to just rem nd you that Brachman, et al., did
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do an efficacy trial in the '50s of a precursor
vaccine and that this vaccine did show a

92. 5-percent efficacy rate agai nst cutaneous and
i nhal ati onal ant hrax.

Just discussing the background work, two
of the dose reduction, route change pilot studies,
I will go through briefly some specim zation data.
These data were collected in a passive node; that
is, patients who showed up to the specinization

clinic as a matter of course for--these were

at-risk individuals who work in the bio contai nnent

| aboratories, as well as maintenance workers who
have to maintain the facility.

Li ke any passive study, there are sone
advant ages and di sadvantages. The results of the
study is in your handout. | should say that
apparently these slides did not make your handout,
for sone reason. | amtold by the planners that
they will be mailed to you after the conference

In terms of which adverse events were
noticed in the specim zation group, there were no
differences in the systenic adverse events as
reported by either age or ethnic group. However,
we did see a significant gender difference, and

that is conpared to nmales, fenales had a higher
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i nci dence of headache, nul ai se and fever and a few
others conpare it to males. In terns of |oca
reaction, fenmal es had markedly el evated increase
i nci dence of induration erythema and t enderness at
the injection site.

W al so | ooked to see if, having received
a dose of vaccine and having had a reaction to it,
if you were nore likely to have a reaction if you
recei ved a subsequent dose of the vaccine. Wat
this data showed is that using a logistic
regression nodel, controlling for | ot and gender
since we know that those do play a role, we did see
that there is a difference, that there is sone
predi ctive value to having had prior erythema and
i nduration as a way of predicting whether or not
the sanme reactions would occur to the next
i njection.

In the odds ratio, there were 13, but
again, in this study, nost of the injection site
reaction were followed by injections in which there
was no prior reaction. So that nmakes this not that
great as a predictor.

So we concluded this fromthe SRP study
that despite this being a passive self-reported

study with sone limtations, that we did notice
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sone differences in the reaction rate. In terns of
gender and in terns of age, we also notice a | ot
difference. 1In terns of |ooking at the serol ogic
response, we did a survey of the specim zation
clinic looking for individuals.

By the way, the hypothesis was that |1gG
ant i body response of individuals who received a
second dose of AVA at intervals greater than two
weeks showed so an increase as the interval
increases. So, in other words, as the interval
between the first and second dose increased from
two weeks to three weeks to four weeks, we shoul d
see an increase in the seroconversion rate, as well
as an increase in the maximumtiter at peak. 1In
fact, we did tw studies to | ook at that effect.

We did one study in which we | ooked two
weeks after the second dose of the vaccine,
regardl ess of when the second dose was
adm nistered. So this is a constant time fromthe
second dose. W also did a study |ooking at a
constant tinme fromthe first dose, and in this
particul ar i nstance, that was about 49 days. W
used an i mMmunocapt ure ELI SA assay to anal yze that,
and that was previously described in a different

report. In this study, we showed that if we
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increased the intervals fromtwo, three to four
weeks between the first and second doses, this
shows the nunber of individuals. The
seroconversion rate was 90 to 100 percent in this
case. GCeonetric nean titer ranged from450 to
1860. Notice that the geonetric nean titer was
three to four tinmes as much in the three- and
four-week group conpared to the two-week group

The second one, which we | ook two weeks
fromthe second dose, two, three and four weeks
between the first two doses, this colum shows the
nunber of people, the geonetric nmean titer. Again,
the geonetric nean titer was three to four tines
hi gher than the individuals who were three or four
weeks late for that second shot, and the
seroconversion rate increased from about 50 percent
to 100 percent fromtwo weeks to four weeks. So
t hat our hypot hesis was verified here.

W decided then, using this data; i.e.
knowi ng that individuals who reported for the
second dose at two, three or four weeks, at three
or four weeks were higher than those who reported
at the second week, and we al so used the fact that
fermal es had a higher reaction rate than did mal es.

We al so knew at that tinme that in animals, that one
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or doses protected the aninmals, and we know t hat
the anthrax vaccine is the only |icensed vaccine
for human use and that contai ns al um num hydroxi de
or an al um num cont ai ni ng conpound that is given
subcut aneously. Al other vacci nes contai ning

al um num conpounds are given | M

So we decided to ook to see if giving the
vacci ne IMto humans decreased the reaction rate,
but yet was as i munogeni ¢ as the subcut aneous
route. W did that |ooking at a dose-reduction
rout e change study.

In this study, since no one has studied a
singl e dose before, we decided to |look at a single
dose of vaccine given either SQor IM Two doses
of the vaccine given two weeks apart, SQor IM and
two doses given four weeks apart, SQIM and the
control group given all six doses over 18 nonths
subcut aneously. W did not do an IMgroup in this
study because the objective at that tinme was to
| ook at a reduced dose. Sone of us, there was a
| ot of debate because some of us wanted to | ook at
the IMroute as well because it could have panned
out that IMroute could have been safer, and that's
all that we--but not as inmunogenic, but there were

those who felt differently. So, in any event, we
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did not do an IMroute using all six doses.

One can see here that, again, the schedul e
of the route and the nunber of individuals ranged
from?22 to 28 and the nean age from32 to 35. The
assay in this case was a validated direct ELISA
W used the peak anti-PA |1gG concentration and the
seroconversion rate at peak to spore as a positive
when needed an 1 gG concentration of at |east 25
mcrograns per mlliliter or greater or a titer of
1- to 200 or greater. W |ooked at a random sanpl e
of 10 percent of individuals were | ooked at in a
val idated toxin neutralization assay. These are
the results.

The control group had a very nice response
wi th over 400 mcrograns of anti-PA | gG per
milliliter. The single-dose groups did not do very
wel .  However, the groups that received two doses
two weeks apart did fairly well, reaching about 150
or 200 micrograns per mlliliter, and the 0-4
group, as we predicted, did quite well, did as well
as three doses over four weeks. So, again, two
doses over four weeks, versus three doses over four
weeks, and they have the sanme geonetric nean titer
at peak. The peak in this case was at six weeks.

PARTI Cl PANT: [COFf mcrophone.]
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[ I naudi bl e. ]

DR PITTMAN. Thank you very much, in case
this slide is not very clear.

So that these two routes and schedul es
were in a known inferiority test were noninferior
to the control group.

Now one of the things | like to point out
here. Notice before in the background data, the
serol ogi ¢ data, we have noticed that the four-week
group had about three or four tinmes as much
anti body at peak as the two-week group, and that is
verified in this particular study. Again, if you
conpare routes, 0-2 SQ 04 SQ three tinmes as nuch.
Simlarly, for the IMroute at 0-2 and 0-4, it has
about four times as nuch anti body, which confirnmed
the previous--so this prospective study confirnmed
the retrospective anal yses.

If we | ook then at the response rate,
seroconversion rate, that was 100 percent for the 0
to 4 group, and it was 96 to 100 percent for the
0-2 and the 0-4 groups. Now the single individuals
in these two groups did have anti body. They had a
snmal | amount of anti body. However, it was not
enough to reach the 25 mcrograns per nmilliliter

required of this validated test. Neverthel ess,
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they did all have anti body.

Since they have not reached the
25-mcrogranms-per-milliliter level, we consider
t hem as nonresponders by this test, by this
validated test. This is shown graphically in this
slide. Again, the |og anti body concentration
versus time in weeks. This line represents the
0-to-4 group, the three-dose group. This line
represents the 0-4 SQ group, with this Iine
representing the 0-4 I Mgroup

Now, at peak, again, in a noninferiority
test, there is no difference, and that was true for
the duration of this study, for the entire four
weeks after peak. However, there was a
statistically significant difference between Weks
3 and 5, between to 0-4 groups IMor SQ and the 0
to 4, and that is of course because they did not
receive a dose at two weeks, but after that they
are all the sane

Al so, fenmales had a higher titer, had a
hi gher anti body concentration all along this route,
but that did not reach statistical significance.
This shows a correl ation between the ELISA and the
toxin neutralization, that there is a nice

correl ation there.
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I will just be very brief here. This is
just to show that 1GMis produced in these
i ndi vidual s who are given AVA

If we turn our attention now to synptons,
there was no difference between IMand SQ in
system ¢ synptons when the vac--either IMor SQin
system c synptons, as we can see here by these P
val ues. However, when we | ook at the injection
site reaction, such as tenderness, subcutaneous
nodul es, erythena, induration and warm conpari ng
IMversus SQ we do see a significant difference in
the rate of the reactions.

For subcut aneous nodul es, there were none
inthe IMgroup. There were no SQ nodules in the
I M group. Wereas, in this conbined group, there
was about 40 percent had subcut aneous nodul es.
Simlarly, for erythema and induration. Even the
rate of tenderness, tenderness was a little bit
less inthe IMgroup. | amnot going to put a |ot
of value on that.

Now, seeing that the SQ group had such a
hi gh reaction rate, we | ooked at the usua
denographics to see if there was a reason for that.
When we | ooked at sex and age, we do not see a

di fference. However, when we stratified based upon
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gender, we did see a trenmendous difference. So
this slide shows the subcutaneous route stratified
by gender. Here we see that for subcutaneous
nodul es, mal es had about 24 percent. Wereas,
fermal es had 63 percent--so three tines the rate of
subcut aneous nodules. Simlarly, for erythema and
even worse for induration

Now, if we |ook at the entire six-dose
series, these nunbers increased to 70 to 80 percent
for subcutaneous nodules. | would say, though
that all of these reactions, including subcutaneous
nodul es | ast a few -except subcutaneous
nodul es--last for two to three days, they
di sappear, and the patient is perfectly well.

The subcut aneous nodul e nay | ast for
several weeks and occasionally for a few nonths.
We have seen in specinization that the subcutaneous
nodul es | asted as long as six nonths. However, the
subcut aneous nodul e does not cause any synptons in
patients. They just sinply know that they are
there, and ignore them and go on about their work.

This slide is just to showthat there is a
correl ation between the anti body | evel and adverse
events at the injection site. This was even the

case when we included the IMgroup. So, if we
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| unped themall together, we saw a difference.
Now, if we knock out this IMgroup, this difference
becones much nore striking than what we see on this
slide. The correlation beconmes nuch nore striking.

So that this study showed quite
conclusively that w thout any reduction in the
i mmune response or in the i mMmune readi ness, since
we are in the mlitary, we like to use those kinds
of terns, wthout significant reduction in inmune
readi ness, there is a significant reduction in
| ocal adverse events to AVA when the vaccine is
adm ni stered by the IMroute or even when the
interval between the first two doses SQis
increased fromtwo weeks to four weeks. The IM
route is the route for all other
al um num cont ai ni ng conpounds and that a | arge
pivotal study is required for the FDA to allow a
supplenent to the licensure for a route in
dose-reduction change

I would say that this study, the pilot
study, was funded by JPL, and in our discussion
with the FDA back in '95/'96, the plan was to go
strai ght ahead fromthis pilot study and do a
pi votal study. However, the JPL, in its w sdom

decided not to fund the study beyond that point.
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However, the Congress did fund FDA to the tune of
$20 mllion per year for five or seven years to do
that particular study. W hope that they will
vaccinate their first patient soon.

This shows the six-dose schedule. If we
| ook at, again, the log 1gG concentration versus
time in weeks, and you saw this part of the curve
before, if you then give the boost at six nonths,
there is a robust anamestic response. The
ant i body decreases over tinme. You give the next
dose at 12 nonths. There is another great
response. It decreases a little bit. Notice that
there is a difference in the slope of these two
lines, and then at the 18-nonth dose, there is
still a response. Notice that the trough steadily
i ncreases, and we think that at sone point that a
plateau is reached in this trough, and we are doing
a study to look at that.

This study gets into the question of
whet her or not--currently, as the vaccine is
i censed, annual boosts are required if an
individual remains within an at-risk area. W
think that there mght be a better way to do that
and that the anthrax vaccine, in some conditions,

in sone circunstances, could be treated just |ike



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

77
all other vaccines, and that is that you prine a
person, and then you give interval boosts.

Wel I, the Fort Bragg study, in essence,
ki nd of gave us sone supporting data to suggest
that that is possible. In this case, we took
i ndi vi dual s who were vacci nated during Desert
Shi el d/ Desert Stormfor both anthrax and botul i num
toxoid. W decided to offer to bring themtogether
to draw bl ood--well, this was done by i nforned
consent and all--to draw bl ood and offered thema
booster dose of the vaccine, and this is the result
of that study.

It turns out that some individuals had
one, two or three doses, dependent upon when they
recei ved the vaccine during that particular war.
Since there was an abrupt end to hostilities, it
was felt that there was no need to continue with
the vaccination. So that sone individuals received
one dose, sone received two and others received
three doses of the vaccine. These are the results
fromthat study. Again, since this was an ol der
study, we used this as titer, and we used the ol der
i mmunocapt ure ELI SA, not the validated direct
ELI SA.

I will just go straight to this slide.
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Again, this is the reciprocal of the anti-PA I1gG
concentration, and this is the nunber of doses
gi ven during Desert Storm Again, these people
were given a booster. This is the pre-boost titer
pre-boost titer, pre-boost titer, pre-boost titer
and the post-boost titer. One can see that there
is adramatic increase in the titer before and
after. But interestingly, though, many of these
i ndividual s did have titer consisting, even after
two years after having received either one two or
three doses of the vaccine. So that antibodies do
persi st over a |long period of tinme.

As we can see here, even the group, and we
woul d not think of considering troops inmunized if
they received only one dose, but even the one-dose
group responded i n an ananmesti c nanner

So the Bragg study did show that anti body
persists for up to two years after receiving one,
two or three doses, and that one can give these
i ndi vidual s a boost and get a fantastic, robust
anammesti c response.

I just want to say one word about the use
of anti-AVA plasma. One other useful purpose for
i ndi vidual s who are i nmmuni zed agai nst AVA is that

their plasma can directly be used to help patients
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who have serious anthrax disease or, for that
matter, not-so-serious anthrax disease, and it
m ght be better to give, if one is considering
giving anti-AVA plasnma, to give it earlier, rather
than after it is too late. Al so, it is being
collected, as the | aboratory reagent.

In an agreenent with CDC, NIH and
USAMRI I D, we are beginning this week to collect
pl asma that woul d be available to be used in case
of an energency. W will collect a | arger anount
that we hope to process and to purify
i mmunogl obulin that will be able to be used. But
inthe neantine, it is our hope that the plasnma can
tide us over until the purified imunogl obulin
becones available. This would be used under [V.

So there are still sonme interesting
clinical questions that need to be answered, and
amgetting close to the end. Again, the Congress
did fund CDC to performthe confirmatory pivotal
study | ooking for a dose-reduction route change.
So that the CDC will also | ook at reducing the
nunmber of doses fromsix to four doses over 18
nmonths and will also | ook at giving booster doses
at various intervals, so that we will hopefully be

abl e to decrease the nunber of boosters and the
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frequency of boosters in these individuals.

As you know, by now, over 500, 000 troops
have received the vaccine, and one question is
whet her or not it is safe. Once the CDC s pivota
study confirnms the pilot findings so that it is
okay to change the hundreds of thousands of troops
who have received the SQto the IMroute, we would
like to do sonme study to show that it is safe,
al t hough, enpirically, I think all of us would
agree that there is no reason why it shouldn't be
safe, but we would like to provide the FDA with
sone data to show that that is the case

One thing that needs to be | ooked at is
why is it that feral es have such a high reaction
rate conpared to nmal es when this vaccine is given
subcut aneously and not enough work has been done to
| ook at that particular question. Again, we are
| ooki ng at whether the trough peaks or not.

The question of sustained versus interval
boosting is sonething that needs to be | ooked at,
and, of course, the long-termsafety of this
vaccine. W are currently doing a study at
USAMRI I D, in which we will study specim zation
partici pants who have received the vaccine up to 30

or nore years to see if there is any adverse effect
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on them from havi ng recei ved the vacci ne.

There are sonme other interesting titers
that need to be | ooked at as well, epitope nmapping,
cytokine profiling and deternine which, if any, HLA
genotypes or hapl otypes are responsi ble for inmmune
response and al so for adverse events. Those will be
i nteresting studies to do.

O course, nost interesting for
individuals in the mlitary, as well as the
civilian population, is the utility of anti-PA
plasma in treatnent of AVA disease. So we think
that there nay be a role, but we do need sone
| aboratory and ani nal evi dence to support that.

Thank you very rmuch.

[ Appl ause. ]

DR BURNS: Thank you very much

Qur next speaker is Les Baillie. He is
with the Mnistry of Defense in the UK, and he is
now currently at the University of Maryland. He is
going to tell us about the nouse nodel of anthrax.

DR BAILLIE: Thank you very much

Just to clarify who I amand what |'m
doi ng standi ng here talking to you guys, ny
affiliation is really the UK Mnistry of Defense.

I"mon a sabbatical with the University of
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Maryl and. |'ve cone up here to save the world, and
what I"'mgoing to do is talk to you about sone work
that we've done | ooking at the nouse nodel,in terns
of a nodel for |ooking at eval uating anthrax

vacci nes and trying to understand sone of the

i ssues around the disease itself.

Wiy use the nouse? Well, the nouse is
small and furry, and we can use lots of them
Humans are snmall and furry, but we're not all owed
to use lots of them so we need to use anim
nodel s.

The nmouse has been used for over 100 years
in anthrax research. It is susceptible to disease
by a variety of routes, including the aeroso
route. W can use statistically significant
nunbers, so we can power our experinments. The
i mmune system of the nouse has been wel |
characterized, in terns of the availability of
reagents, and | ook-across studi es have been carried
out with humans. So that is quite useful

The nouse response to vaccination with the
U S. and the U K vaccines, which are fundanentally
the sane products in terns of they are nade
slightly differently by using different starting

princi pl es.
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As Art has nentioned al ready, the nouse
macr ophage has been used extensively to study the
effects of the Iethal toxin on other agents, and
t he nmouse has been used to generate nonocl ona
ant i bodi es, which are specific against PA the
primary i mmunogen of the current vaccine.

I ndeed, we have used the nouse nodel to
T-cell map, T-cell epitope map PA, and | m ght
nmention that |ater.

The point is what is known about the nouse
nodel ? Now the problemwith trying to mne the
literature is that everyone has used different
m ce, they've used different nmethods of chall enge,
they' ve used different anthrax strains, and so
they've all got different results. So it is very
difficult to cull all of that data and cone up with
a conmon perception of the nouse nodel

The nmouse can be infected by a variety of
routes, but the organi smcannot cross unbroken
skin. So you need to have sone form of
i ntroduction into the nouse injected and
subcut aneous routes have been used as, indeed, has
aerosol chal |l enge

I ndeed, the majority of workers have used

i nj ected-chal |l enged nodels. Now the LD 50s for
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these different routes of delivery vary for the
same organism The IMLD 50 is not the sane as a
SQ

Inbred m ce have been used extensively to
study the reaction to anthrax and to the ani mals,
and inbred nodels have their limtations, as wll
becone obvious later. But it is the aerosol route
of challenge which is of interest to ourselves, in
ternms of bioterrorism and also in terns of the
mlitary applications.

The bottom slide gives you sone idea of
the difference in the infected dose and the
different rates of delivery. As you can see, you
require 800 times nore spores to affect a nouse via
the aerosol route.

Again, looking at the linted data
available in literature concerning the pathol ogy of
the disease in mce, we can see that the inhaled
formof anthrax in nouse is very simlar to that
seen in guinea pigs. Spores are taken out by
al veol ar nacrophages, as Art has described al ready,
and the spores germ nate inside the nmacrophage
relatively rapidly. They then go on to cause
system c di sease, with organi sns being found in the

lungs during the later stage, probably as a
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consequence of septicem c contam nation

Not hi ng much really to talk about in terns
of, in fact, one of the characteristics of anthrax
infection in mce, and in guinea pigs, and in nost
ani mal systens is a nassive total bacterenmia. This
is where the toxin issue cones in, in terns of
treat nent.

Time to death can vary, but is usually
three to seven days, depending on the nouse and the
ki nd of strain.

Nunerous attenpts have been nade to
devel op reproduci bl e aerosol nodels for the nouse,

i ncluding studies of our own. A variety of inbred
nouse strains have been assessed using the Anes
Porton strain, let's call it that. This strain was
originally acquired fromUSAVMRI I D, and i ndeed has
been sequenced. |Indeed, this is the basis of the
genone sequence, which we sponsored, and there's a
very nice paper com ng out soon tal king about the
strain.

Wrk is in progress to devel op an aeroso
chal | enge nodel. W are interested in aeroso
protection agai nst anthrax, and i ndeed we have a
very active Porton | ooking at working out a node

systemwhich will allow us to challenge
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reproducibility mce with an aerosol. Indeed, we
have one such study using an outbred strain of
mce, a Porton, called the Porton outbred strain.
In one study, we can kill these aninmals with an
aerosol, which is nice.

Let's go back to the inbred nouse issue.
A lot of this work was done by Sue Wl kos of
USAMRI I D, and they found that you can divide inbred
mce up into a group of susceptible, internediate
and resistant. Now what is interesting is that
these mce differ, and why do they differ?

Well, as Art alluded to earlier, it
appears that the capsule is a nuch nore inportant
phagocytic characteristic than the toxic. You can
chal | enge mce with capsul e-positive, but
t oxi n-negati ve organi sns, and they will Kkill
vaccinated aninmals. You don't see that in
primates. It is very unlikely you see that in
humans. It is a facet of the nouse.

Saying that, we have selected a
susceptible strain of nouse, the A/J nouse, which
we have used extensively, and we published on
recently two papers in Infection and I munity | ast
nmonth and this nonth, describing our work with this

nmouse nodel system
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The nouse is given the attenuated strain,
| acks C5180 [ph.], but is conplenmented efficiently,
but it does die reproducibly.

Again, trolling back through the work in
terns of the susceptibility to anthrax and the
di fferent responses you see with mce, the
different vaccine fornul ati ons, we have seen that
if you give mce only alumbased vacci nes, you
don't see as good of protection as you see with
Ri bi. Now R bi -based vaccine is a TH1l-based
vacci ne, and for sone reason, you get better
protection in a nass.

You also find that if you use the Vollum
1B strain, which is the original U K weapon
strain, you can actually protect the mce, but if
you use the Porton Ames strain, you cannot. So we
are seeing strain-to-strain variation, but we are
al so seeing variation in the route of delivery of
PA to the i Mmune systemin terns of protection

We do know fromthe primate work carried
out at USAMRIID that if you give al um based
vacci nes plus PA, you get total protection in
nmonkeys. | woul d suggest that we are nore closely
related to the prinmate than we are to the nouse,

but the nmouse is useful in ternms of at |east giving
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us sone data and giving us an ani nal nodel system
which allow us to ask big questions about our
vacci ne candi dat es.

So what is the utility of the nouse?
Well, it should be obvious to a lot of us in the
audi ence that the nouse allows us to do wi de-range
studies. It allows us to look at different inmune
formulations that we are interested in. The DNA
vacci nation work is of interest to a nunber in the
audi ence, | know. At Porton, we have we | ooked at
usi ng m croencapsul ation as a delivery system and
again | would point your attention to this nonth's
I & for review of that work.

W& have been using the systemto generate
nonocl onal anti bodi es, as have Steve and others
fromUSAMRI I D, for therapy. Recently, we have
actually T-cell-mapped PA in treating hapl otypes of
mce, and we are hoping that this data will give us
some help, in terns of devel opi ng better vaccines.

So the nobuse as a potency assay, and when
| say potency assay, | nmean an assay for neasuring
t he amount of biologically active PAin a vaccine.
Work carried out at Porton has shown that we get a
ni ce-spaced response curve with reconbi nant PA, as

you can see here. W can protect this nodel if we
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want to against a challenge with the STI strain,
whi ch renenber that is the Russian human |ive spore
vaccine strain. W can do that with
reproducibility. And we have shown that anti-PA
ant i bodi es fromthese ani nal s gi ve passive
pr ot ecti on.

So, after that brief gallop, what are our
conclusions? At |east on the efficacy side, there
is no, as yet, validated aerosol chall enge nodel
and this is a key drawback of the nouse nodel in
terns of devel oping a nodel system which is going
to give us results, which shall directly read
across to humans. W need to have an aerosol
chal | enge nodel

Q her factors, other than the toxin, may
contribute towards virulence in mce, and Art has
alluded to this already. As | nentioned, the
capsule is nore inportant than the toxin in a
nouse, but also there's sone data from Steve's | ab
t hat suggests that there are proteases and ot her
chronosoral | y encoded factors which are inportant
to virulence in the nouse. Again, | stress in the
nouse.

M ce do respond well to protective

antigen, and they may have a role to play as this
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potency assay, in terns of assaying new |l ots of
vacci ne and getting sone idea of the i munogenicity
of vaccine fornul ati ons.

The | ast one, again, finally, that once
nore that the A/J nouse is a good nodel to | ook at
as a potency assay, but work is still needed to be
done with it, and it is going to be an efficacy
nodel

On that, | shall finish. Thank you.

[ Appl ause. ]

DR BURNS: Qur next speaker is Gry
Zaucha fromWilter Reed. He is going to tell us
about the pathology of the disease in various
ani mal nodel s.

LTC ZAUCHA: | was billed to tal k about
gui nea pigs, besides rabbits and nonkeys, but that
is not going to happen. [|'mjust going to confine
my talk to rabbits and rhesus nonkeys.

I amcurrently assigned to Wl ter Reed,
but everything | have to present today is from
information | collected while at USAMRIID. This is
al |l aerosol -challenge information

The aninmal s were obtai ned from oh, maybe
about 10 or so different protocols. It included LD

50 studies, different vaccine efficacy studies,
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correlate imunity studi es and even pest transfer
study. Mst of the challenges were with Anes, but
there were al so challenges with a nunber of
different, nore virulent strains.

| amgoing to start out with just
nonvacci nated control aninmal data. These rabbits
were, like | say, nonvacci nated. About half of
t hem were exposed to Anes, the other half were
exposed to different strains fromvarious parts of
t he worl d.

In the rabbit, at least, | saw no
di fferences in the pathol ogy dependent on the
strain of exposure. The only thing we saw was t hat
the nmore virulent strains resulted in death within
one to two days post-exposure, while the Ares, the
average was about two to three days post-exposure.

In the rhesus nonkey nodel, again, the
majority of the aninmals were exposed to the Anes.
There was al so a fair nunber of Vollum 1B and j ust
a couple of the nore virulent strains.

Lesi ons between the Ames and Vol | um
animals were simlar. The other two strains,
only had two aninmals per strain, so you can't
really draw nuch fromthe nunbers, but both of the

ani mal s exposed to Nam bi a devel oped neningitis and
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both of the aninals exposed to the Turkish strain
had a rmuch nore mar ked henorrhagi ¢ conponent to the
pul monary | esi ons.

Now t he pat hogenesi s has been revi ewed
pretty well already. The lungs serve as a porta
of entry, not as a prinmary focus of infection. The
organi sns are transported by pul nonary macrophages
to nedi asti nal nodes, where they germ nate and
proliferate, and eventually enter the systemc
circulation through the thoracic duct.

The principal lesions, whether it is in
rhesus nonkey, rabbit or human, are henorrhage,
edema and necrosis, with a variable, but usually
limted, leukocytic infiltration. Mst cases
devel op a septicem c di sease, with a high degree of
bacterem a and dissem nate the |esions. Further on
inthe talk, I will discuss what | term
nonsepti cem c disease. It is not absolutely
nonsepticenmc, but it is different fromthis type
of situation.

Target tissues are primarily |ynphoid
organs. The nedi astinal |ynph nodes service the
primary focus of infection. Once the disease goes
septicemc, the spleen is affected in virtually al

cases. There is also high incidence of lesions in
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nmesent eri ¢ nodes.

In the lungs, the primary | esions are
edema and al so sone degree of henorrhage. Wile
pneunoni a i s unusual, there is sone evidence to
i ndicate that in humans, as well as rhesus nonkeys,
that in cases that do devel op pneunonia, it may be
i nfluenced by preexisting pulmonary lesions. 1In
ot her cases, there's al so sonme evidence that when
pneunoni a does devel op, it can be from secondary
henmat ogenous devel opnent, rather than fromthe
primary pul nonary exposure.

Lesions are also common in the @ tract,
even with aerosol exposure. It tends to occur in
sites that are also rich in lynphoid tissues.

Finally, the brain is a somewhat comon
site of lesions. This is where there is one
difference in the pathol ogy between the speci es.
The rabbits tend to have a noni nfl anmat ory CNS
| esion. The rhesus nonkey, CNS lesion is much nore
separative, inflammtory, and it is also nore
conmon, which is nore simlar to what we see in
humans.

| hope you can make this out. Let ne just
point out a fewthings. First, in the lungs, this

columm is human findings that | obtained fromthe
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literature. | was able to put together about 72
cases of inhalational anthrax fromvarious case
reports in humans that had at |east sufficient

pat hol ogy information in the reports. This colum
is rabbit data generated at USAVRI I D and rhesus
nonkey data from USAVRI | D.

By far, across the line, the nost
significant lesion is pul nonary edena. One
difference in humans is that there's approxi mately
about 30 percent of the human cases had natura
pneunoni a, whereas, rabbits and rhesus nonkeys are
about half of that.

Lesions in the nediastinum also very
common. They were |l ess so in the rhesus nonkey,
but this may be influenced by the duration of
infection. It was shown by I think deiser in
earlier studies that rhesus nonkeys that tended to
live longer through antibiotic interventions tended
to devel op nore henorrhagi c and nore pronounced
medi astinitis.

Intrathoracic |ynph nodes are affected
across the board in a high percentage of cases.
This line here is CNS lesions in the brain. Human
and rhesus nonkey are very simlar. About 50

percent of inhal ational cases devel op CNS | esion
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A majority of those, this mddle |line, 38 percent
were inflammatory in humans, while only 14 percent
are just basic edema and henorrhage. It is sinilar
in a rhesus nonkey, while the rabbit, only 24
percent had CNS | esions, and all of those in these
nai ve rabbits were just sinply henorrhage and edena
wi t hout any inflamation.

One thing to note in this table, also, is
that the nmean survival post-exposure in the rabbit
was 2.1 days. In the rhesus nonkey, it is 4.8
days. The human is 4.7 days, but this is
post-onset of clinical signs. It was basically
i mpossible to determ ne the exact tine of exposure
in these human case reports. Col onel Friedl ander
pointed out | think in Sverdl ovsk cases that the
i ncubation period was actually up to about 16 days
in people. So you are |ooking at maybe 20 days
post - exposure, as opposed to a very rapid tine
course in these ani mal nodels.

I think the time post-exposure does
influence the lesions of the rabbits, with a mean
survival of only 2.1 days, had mni ruminflamatory
changes. Rhesus nonkey, with a | onger survival
peri od, had an increased incidence of inflammation

CNS signs, pulnonary and hepatic changes. These

95



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

changes becone nore pronounced in animals that have
| onger survival tine

This is the spleen of a rabbit exposed to
Ames. Let nme just junp to a higher magnification
This is the white pulp, and there is extensive
| ynphoi d death goi ng on here. Mrphol ogi ¢ changes
are suggestive of apoptosis, but there is really no
definitive study to deternine that at this point.

The red pulp is characterized by extensive
aggregates of fibrin. | hope you can nake out
aggregates of bacilli right here. There's also
some infiltration by heterophils.

This is the lung of a rabbit, and it shows
just the sinple ederma al veol ar spaces filled with
this pale eosinophilic fluid. There is really no
i nformati on going on, and nost rabbits the
henorrhage was not really too pronounced.

This is fromthe Iunen of a pul nonary
artery in one of these rabbits, just to show the
hi gh degree of bacteremia in these aninals at
deat h.

This is froma rhesus nonkey. Again, the
nost profound change is filling of the alveolar
spaces with this eosinophilic edema fluid. Like

nost cases, this one is pretty nuch devoid of any
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i nfl anmat ory conponent. There is a fair degree of
henorr hage, though, when conpared to the rabbit.

This is another case froma rhesus nonkey,
whi ch shows primarily pul nonary edena, somne
henorrhage. The thing to note is that the bronchus
is really normal. There is no primary bronchial
I esion. That was determ ned quite some tinme ago.
Al of the activity seens to be going out nore in
t he al veol ar spaces.

Thi s high magnification of this sane
ani mal does show sone infiltration by neutrophils
wi thin al veol ar spaces, also within alveol ar septa.
This particular aninmal has a mld degree of
interstitial pneunonia, and the interstitial
pattern is suggestive of a hematogenous origin for
pneunoni a, as opposed to bronch pneunonia. That is
nore typical of inhalation of other organisns.

Now this is one of the nore severe cases
of pneunonia in a rhesus nonkey. Again, the
bronchus is pretty much spared, but the alveoli are
just flooded with inflanmatory exudate, henorrhage,
and | think there is a higher nag here showing this
supportive character of this exudate m xed wth
| arge nunbers of bacilli and henorrhage.

This is a nediastinumfroma rabbit. This
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section here is the nediastinal |ynph node--what
remains of it. There is some remants of |ynphoid
tissue right here, but the rest of this has
under gone conpl ete necrosis, depletion of |ynphoid
el ements. There's large anmounts of fibrin and
henorrhage. The origin of nmediastinitis seens to
be spread from | ynph node involvenent. |In this
case, you can see |lesions extending out into the
surroundi ng nmedi asti num

This is higher magnification showi ng not
only large nunbers of bacilli, |ynphoid depletion
but there is an arterial here that's undergone
fibrinoid vascular necrosis, which is pretty comon
in lynphoid tissues, and | have also seen it in
quite a few of the brains.

This is froma rhesus nonkey denonstrating
ext ensi ve tracheal |ynmph node invol venent or
bronchi al | ynph node invol venent, while the
bronchus itself is, at this point, untouched, which
again this reinforces the pathogenesis that the
| ynph node is the primary focus of infection and
ot her invol venent of airways and lung is nore
secondary.

This is just another |ynph node froma

rhesus nonkey showi ng severe | ynphoid necrosis and
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depletion with extension of the lesion into the
surroundi ng nmedi asti numthat you see here and over
here.

This is the brain of a rabbit. As | said,
the rabbits tend to have just a sinple henorrhagic
lesion in the brain w thout nmuch inflammuation
Thi s happens to be cerebellum the central |esion
right here. And at higher magnification, you can
see that there is henorrhage, |arge nunbers of
bacilli, but there is really no acconpanyi ng
inflanmatory infiltrate. Now that is in contrast
to what's seen in the rhesus nonkey and al so what's
nore conmonly seen in humans. The neni nges here
are markedly thickened with henorrhagi c and
i nfl anmat ory exudate. At higher magnification, you
can see the separative nature, |arge nunbers of
neut rophi | s, henorrhage and al so | arge nunbers of
bacilli in this meningeal exudate.

This is a section of kidney froma rabbit.
This |l esion was probably not too inportant in the
overal | pathogenesis, but it was very combn to see
scattered tubules within renal cortex that have
under gone degeneration and necrosis wth
i ntertubul ar henorrhage. This was not readily

apparent in the rhesus nonkey. So that is one
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difference, but it was a relatively mnor finding
in the rabbit.

This is an adrenal gland froma rabbit. A
very comon finding was henorrhages, in this case
just multi-focal henorrhages within the adrena
cortex, but very nmany of these aninals the adrena
gland was really obliterated by henorrhage. There
is the adrenal nedulla here. The cortex is running
out the capsule here, and that gland, | would have
to say, is probably not functioning.

The rhesus nonkeys and humans had a
simlar incidence of hepatitis. This happens to be
a rhesus nonkey with a focus of hepatocellul ar
necrosis.

As | said, lesions in the @ tract tended
to focus on the |ynphoid ridge areas. This is the
cecal appendix of a rabbit. These, the |arge
| ynphoi d donmes are norrmal. Qut here in the center
there is a lynph follicle that has undergone severe
| ynphoi d depl eti on and necrosis at a higher
magni fi cation. Again, there is typical |arge
nunbers of bacilli and m xed with the necrotic
cellular debris. Not nuch in the way of
i nfl anmati on, though

This is a saccul us rotundas, which is
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simlar in structure to the cecal appendix in the
rabbit--just another |ynphoid area of the @ tract,
with a simlar finding. At high mag, again,
showi ng just large nunbers of bacilli that are
characteristic in these |esions.

This is a section of colon froma rhesus
nmonkey, just to show a simlar change. There is a
I ynphoid follicle here that has undergone necrosis
depletion. The epitheliumis eroded away in this
case. At higher nagnification, though, in the
rhesus nonkey, there is a nore significant
i nfl anmat ory conponent to the lesion, nostly
neut r ophi | s.

Finally, this is a section of bone marrow
fromthe rhesus nonkey. This is a comon |esion
but probably not all significant in the death of an
ani mal, but there were frequently necrosis and
depl etion of marrow el enents.

This table is just to give a little nore
detail of the influence of survival tine on |esion
incidents. Now the rabbits--1 should say the first
hal f of my talk isn't even in your notebook. This
table, | doubt, is in there, but the rabbit data is
the same fromthe first table.

The rhesus nonkey data is based on tine to
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death fromDay 3 out to Day 8. As |lesions or as
time course progresses, there is a gradual increase
in the incidence of nediastinal |esions fromDay 3
out to Day 6 or Day 7. What happens out here in
Day 8 is a little unusual. It is what | terma
nore nonsepticem c case of anthrax. | wll get
intoit alittle bit nore later. But in these
animal s, they may only have just a transient
bacterem a. They don't devel op the sane
di ssemi nated | esions. The bacteria seens to see
the brain, and they all die of neningitis.

So there is also an increase in incidence
inthe brain lesion fromonly 14 percent at Day 3
to 100 percent in the |onger survival aninals.
There is also a shift froma noninfl anmatory
| esi on, where none of these aninals exhibited any
inflanmation simlar to the rabbit's, but as you
increase in time, |esion becones nore inflamuatory,
nore separative

Now t he next set of slides | have are from
animal s that were afforded protective inmmunity
t hrough vacci nation--1 believe all vaccinated with
AVA.  Sone were given two full-strength doses, sone
were given dilutions of AVA. They were chal | enged

with Ares or sone with other virulent strains.
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The findings in these aninmals are limted
to the lungs. They did not seemto devel op any
septicem ¢ changes. While these are survivors,
they were euthanized at the end of a 28-day
observation period. Lesions, in nobst cases, were
mnimal to mld, really not clinically significant.
These aninmals were clinically normal. | only
exam ned a single rhesus nonkey that happened to
di e of other causes, after surviving anthrax
chal | enge, and there were no lesions attributable
to anthrax in that animal

So this is the lung of a rabbit inmunized
wi th AVA, chall enged, euthanized 28 days | ater
The ones | have phot ographs of are nore dramati c,
nore severely affected aninmals. Mst aninals, the
changes are really mnimal, but just so you get the
poi nt across, there are aggregates of |ynphocytes
scattered throughout the alveol ar areas.
Perivascular inflanmation is very conmmon. This is
a bronchial up here, bronchiolar epithelium There
is quite a significant alveolitis in this animnal
t hi ckeni ng of alveolar septa, infiltration by
| ynphocyt es, heterophils, nacrophages.

These |inpid histiocytic aggregates were

relatively conmmon. Macrophages, nultinucleic giant
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cells and | ynphocytes. | did inmunohistochem stry
on these mldly affected cases and i mmuno agai nst
Bacillus anthracis, and these were generally
negati ve.

Vasculitis was not uncommon. This is the
wal I of a pulnonary artery. You can subintinm
infiltrations of |ynphocytes and simlar
infiltrates in the tunica nmedia and out here in the

adventi ci a.

Now, of all of those animals, | forget how

many, maybe 50 to 60 aninmals | exam ned, two of
these did have what | called a pneunobnia. 1In this
animal, it was limted to just the apex of a lung
| obe. Here, you see that the normal alveol ar
architecture has been obliterated by cellular
inflanmatory infiltrates, |arge nunbers of
macr ophages. This was the worst of the two
animals, and it has a | arge pyogranul ona, the
central core of necrotic granul ocytes surrounded by
macr ophages, fibroplasia, aggregates of |ynphocytes
out here.

I mmunohi st ochemi stry on this
animal --first, let me go to a higher mag. One
thing I noticed on H&A was nacrophages filled with

some type of intracytoplasmc foreign debris. Wth
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i mmunohi st ochem stry agai nst Bacillus anthracis, it
is clear that all of that intra-histiocytic debris
is remants of infection.

A hi gher magnification fromthe sane
animal, nost of it is just fragnments, but you can
see there are discernable bacilli, but these
animals were culture negative. Wiat | think is
going on is that they did develop a | ocal pul nonary
infection foll owi ng exposure. Never becane
septicemic. They were able to overcone the
infection, but there wasn't a proliferation of the
organismin this aninmal's lungs to cause
significant inflammtion, and inflammation
conti nues agai nst what | think are nonviable
remmants of the organi sm

Now that brings nme to one other set of
animals. These aninmals, rabbits and nonkeys, were
vacci nated or provided with inmune sera agai nst
anthrax, but die fromthe di sease anyway. Sone of
t hese animals were given dilutions of AVA. Sone of
the animals, the rhesus nonkeys were given
dilutions of AVA or sone were given a different
experinmental PA vaccine. A few aninals were given
the full dose--well, actually, just two

i njections--of AVA, exposed to virulent strains of
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ant hrax and di ed.

VWhat is seen in these animals is, first of
all, an increased survival time. There is a marked
increase in the inflammtory conponent of the
| esions, particular in the CNS, and they tend to
devel op what | term nonsepticem c di sease. Now
there had to be sonme degree of septicem a
bacterem a sonewhere along the |ine for these
animals to get nmeningitis, but, histologically,
these aninals really had a very limted bacterem a
and lesions tend to be localized, either to the
| ungs or the brain.

VWhat | saw in rabbits was these aninals
devel oped severe parenteral henorrhagi ¢ pneunoni a
and nediastinitis, as opposed to nonvacci nates who
j ust devel oped pul nonary edena.

One thing | noted the pneunoni a that
devel oped in these rabbits is simlar to what was
described in about 25 percent of the Sverdl ovsk
cases, where they ternmed it large focal pneunonia.
It is also simlar to the type of pneunonia seen in
resi stant speci es exposed to aerosols of Bacillus
ant hraci s.

This table is just to provide nore detai

on the--
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PARTI Cl PANT: [COFf mcrophone.]
[ I naudi bl e. ]

LTC ZAUCHA: Ckay, I'Il finish upin a
m nut e.

This is a rabbit, with only parti al
protection, and you can note the severe
inflanmmatory pleuritis in this animal. There is a
mar ked separative conponent to the inflamation
| arge nunbers of bacilli. And then
i mmunohi st ochem stry denonstrate that those bacill
are Bacillus anthracis.

This is the nediasti numof a rabbit that
had only partial protection, died of anthrax, and
again it's a marked inflanmatory conponent, quite a
bit of fibrosis.

This is the lung of a rabbit simlarly
affected. You can see the severe parentera
henorrhagi ¢ pneunoni a. The perivascul ar | ynphatics
are markedly dilated, filled with exudate. The
bronchials are filled with exudate. Hi gher
magni fi cati on showi ng the inflanmatory conponent
within the alveol ar spaces, simlar exudate within
the bronchials. There is a severe vasculitis in
t hese animal s.

This is a Gensa stain of a pul nonary
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| ynphatic showing the lunmen filled with
macr ophages, |ynphocytes, sone granul ocytes and
scattered organi sns.

Let nme skip over sonme of this. This is
the brain of a rabbit that, again, was inmunized,
but died of anthrax, and you can note the marked
i nfl anmat ory conponent within this, as conpared to
just a strict henorrhage and bacteria seen earlier
There is severe perivascular cuffing. There is
also the fibrinoid vascular necrosis that | showed
earlier and simlar findings in the nmeni nges of
such rabbits.

This is just a close-up of the exudate.
Agai n, that shows what is really simlar to what we
saw i n the rhesus nonkey with separative

i nflanmation, |arge nunbers of bacilli.

So, finally, to separate septicemc versus

nonsepti cenm ¢ anthrax. The septicem c di sease,
t hese ani mal s devel oped severe bacterem a,
di ssem nated to lesions. There is just limted
inflanmation with or without nmeningitis. These
animals | believe die very rapidly to
t oxem a-i nduced cytoki ne cascade and shock

This is as opposed to nonsepticenic

ant hrax, which has a nore protracted tinme course.
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The infection is nore localized to rhesus nonkeys,
primarily the brain. Rabbits can be brain or
lungs. There is a marked inflanmatory conponent,
and death is probably due to a nore | ocalized
effect, either respiratory failure or CNS
depr essi on.

So, to sunmarize, the pathol ogy appears to
be dependent on the bal ance between host
susceptibility or inmune status, and the virul ence
or doses of challenge. Highly susceptible naive
rabbits, there is rapid death, septicem c di sease,
noni nfl ammat ory henorrhagi ¢ | esi ons.

The rhesus nonkeys appear to be a little
nore resistant. They have a | onger tine course.
They still develop, the najority of cases devel oped
septicem c di sease. There is an increased
i nfl anmat ory conponent and an increased inci dence
of meningitis, nore simlar to hunans.

Ani mal s given partial protection, they
even have a nore protracted tine course. They tend
to devel op nonsepticem c di sease--1|esions |ocalized
to the brain, lungs. Bacteremia is very |low |evel
or transient. There is a high incidence of
nmeni ngitis.

Finally, the nore resistant host, and it
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i ncludes a dog and swi ne, where they, after aeroso
exposure, lesions are strictly confined to the
lungs. There is no septicema at all. And then
also fully protected i nmmune aninmals, they survived
with little or no residual changes to the |ungs.

That's all.

[ Appl ause. ]

DR BURNS: Qur next speaker is Louise
Pitt fromUSAMRIID, and she is going to tell us
about the i mmune response in several animal nodels.

DR PITT: Wll, good norning. | wll be
as qui ck as possi bl e because | know everybody is
st arvi ng.

The talk this norning is going to be
basically in three parts. | amgoing to give a
very brief overview of the aninmal nodels that have
been used comonly in the [ aboratory for different
vacci ne efficacy studies. | will then nove on and
focus on the rabbit and the nonhuman prinate and
show sonme of the vaccine efficacy data that we have
obtained in the lab at USAMRIID, and then talk
about our approach to developing in vitro
correl ates.

This is a list of the principal nodels

t hat have been used in the | aboratories for vaccine
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ef ficacy studies during the last century. | won't
focus nuch on the nouse because Les al ready covered
it. Just to point out and enphasi ze what Les was
sayi ng, that the capsule seens to be incredibly
i mportant in sone of these nouse strains, and when
the mce are i munized with the |icensed vacci ne,
al t hough they get a very high anti-PA titer, they
are not protected when chall enged. However, when
the PAis delivered in a different platform in
this case, a bacterial platform and the mce, the
PA, the A/J mice, although get a high titer, again,
they are not protected, but in the CBA/J nouse, you
can get protection.

Inthe rat, the rat was used in the 1940s
for vaccine efficacy studies. However, the rate
appears to be fairly resistant to infection, and
i mmuni zation doesn't really nake nuch difference,
and the rat nodel is usually used nore for toxin
chal | enges than for spore chall enges.

Hansters are very suscepti ble and have
been used extensively in the Russian | aboratories.
This is their rodent nodel of choice, and they did
recently publish a paper suggesting that in the
hanster, they can get breakthrough of vacci nes upon

chal l enge. Pat Fellows in our lab did a study
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| ooki ng at the hanmster nodel, and this table shows
that when vaccinated with the |icensed vaccine

whet her it is two doses or three doses, although
they get a very good anti-PA IgGtiter, there is no
protection at all against a spore challenge.

Now t he gui nea pi g has been used
extensively. Ever since it has becone avail abl e as
a |l aboratory animal, it was the rodent nodel of
choice for anthrax studies, both in the UK and in
the U S

O course, the guinea pig is susceptible
to the spore infection. It seens to be fairly
resistant to toxin, but again it has been used
extensively to characterize the pathogenesis, as we
know it today, to elucidate the role of the toxin.
When i nmmuni zed with a vaccine |ike our |icensed
vacci ne, which is adjuvanted with alum num it
gives partial protection to miniml protection, at
best .

Now t he rabbit, again, historically has
been used t hroughout the century for vaccine
efficacy, both in Russia, the U K, and the U S
In fact, it was the nodel of choice prior to the
gui nea pi g becom ng avail able. Rabbits are very

susceptible to anthrax. They are sensitive to
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toxin, and when imunized with either the |icensed
vacci ne or reconbi nant PA conbined with al um num
we can get conplete protection against both a
parenteral chall enge and agai nst aeroso
chal | enges.

And we have found that the vaccine
efficacy in the rabbit is predictive of what occurs
i n the nmacaque.

So we cone to the nonhuman prinate nodels,
t he rhesus nacaque, which is accepted as the best
nodel of inhalational anthrax, where there have
been extensive studies ranging fromthe 1940s to
the present, where we have shown that both the
I i censed vacci ne and reconbi nant PA plus al uni num
gi ves conpl ete protection agai nst inhal ati ona
ant hr ax.

I will point out that, although all of the
studies carried out at USAMRI I D since 1990 to
present have used the rhesus nmacaque, that a | arge
majority of the studies that were carried out in
the '50s and ' 60s was done wi th cynonol gus nonkeys.
In fact, they were used interchangeably for the
ant hrax st udy.

So, to nove on to | ooking at the guinea

pig, the rabbit, and the rhesus macaque, this is a
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conparison of the LD 50 studies. This is a study
that was carried out at USAMRI I D under the sane
conditions, using the sane spores, using the sane
aerosol conditions, with a mass nedi an aerosol

di ameter of one micron, which neans it's a single

spore aerosol, and this is to show that |ooking at

these three animal nodels, under simlar conditions

of exposure, that the LD 50 is very simlar for
these three ani mal nodels.

This is just a table showi ng you sone of
the efficacy data we have in the rabbit nodel
This is against the |licensed vacci ne. Again,
conpl ete protection agai nst both aerosol and
subcut aneous chal | enge.

This is a table showi ng, again, sone of
the efficacy data we have with the rhesus nacaque.
Again, with the |icensed vacci ne show ng the
protection, even out to 100 weeks, follow ng two
doses of the vaccine, against a very significant

aerosol chal |l enge

This next study is |ooking at reconbi nant

PA conpared to the licensed vaccine in the three
ani mal nodels: the guinea pig, the rabbit, and the
macaque. Again, it was two doses of vaccine, and

the aninmals were challenged with the Ames.
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This shows you that in the guinea pig
vaccinated with the licensed vacci ne, you get poor
m ni mal protection, 20 percent. Wereas, you get
90 to 100 percent in the rabbit and the rhesus.
And then | ooking at the different doses of 55 and
.5 reconbi nant PA with alum num you get extrenely
good protection in both the rabbit and the rhesus.
You start to see a dose titration down in the .5
mcrogramin the rabbit, but in the guinea pig
there is a fairly flat line. There is no obvious
di fference between the groups, regardl ess of the
dose of PA

This the anti-PA 1gG response fromthat
study, showing a titration effect. The 5 and the
50 micrograns really gave a sinilar response in
this study. What is of interest is the aninals
were chall enged at the 16-week tine point, and you
can see host challenge, the rise in anti-PA 1gG
titer. O interest hereis that it is an inverted
response, that the | ower dose that you got by
i muni zation, the .5 mcrograns gave you the | east
i mmune response prior to chall enge, but upon
chal | enge, it gives the highest post-exposure
response.

This is the anti-PA 1 gG response in rhesus
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nmacaques, again, showing you that titration, as the
dose drops, you get a drop in the inmrune response.
This is another study in rhesus, conparing
reconbi nant PA with AVA, again, show ng the imune
response. And the animals in this study were
chal l enged at 112 days, and this is to show you
that in the rhesus nacaque, as well, there is a
fairly decent response to PA, post-challenge, which
is obvious at three to five days post-chall enge.

| put this slide in here to show, and to
enphasi ze, that gui nea pigs, when inmmuni zed with an
al um num adj uvant ed vacci ne, you do not get
protection agai nst a spore chall enge. However,
when PA is presented with a different adjuvant, in
this case, MPL, you can get conplete protection or
excel l ent protection in the guinea pig nodel

Now, noving on quickly to our approach to
invitro correlative imunity that we devel oped in
the rabbit inhalational anthrax nodel. Qur
approach to doing this, because we get such
excell ent protection with full doses of the
I i censed vacci ne, our approach was to dilute the
vacci ne down so as that we woul d have some
nonsurvivors in the study, so that we would be abl e

to conpare the response of the nonsurvivors to the
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response of the survivors and conme up with a
correl ate.

So the study design was very sinple. W
di l uted down the vacci ne, gave two doses. W bled
the animals prior to challenge, and in this case we
focused on the huneral inmune response, |ooking at
anti-PA 1gG and the toxin-neutralizing antibodies.

As you can see, as we diluted down the
vaccine, we got a fairly nice titration in survival
in the animals. W can also show a titration in
the anti-PA 1gG response, both at six weeks, which
is at peak, the titer--that's two weeks after the
second dose--and at ten weeks, which is the tine of
chal l enge, and the TNA gives a sinmlar pattern

This is just showi ng you each i ndividua
graph, with concentration of anti-PA | gG versus the
dilution they received, and the open circles are
the dead aninals, and the closed di anonds are the
animal s that survived. Statistically, this is
extremely significant.

We then repeated this study with a second
dose of the licensed vaccine and cane up with the
same conclusions, and this study has, in fact, been
publ i shed recently.

W then went on, of course, to | ook at
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reconbi nant PA plus al hydrogel. This is the work
of Steve Little doing a simlar study to see if
reconbi nant PA al so woul d give the sanme correlate
of inmunity. The design is fairly simlar. In
this study, this is a one-dose, rather than the
two- dose that we gave of the |icensed vaccine. The
ani mal s chal l enged at week four, that's four weeks
after the one dose that they got.

This is the results to date, show ng that
as you titrate down the dose of the reconbi nant PA
you get a nice titration in the nunber of
survivors, and you also get a good titration in the
anount of antibody, and there is indeed a very
strong correl ati on between the levels of anti-PA
I gG and survival. This is just the individua
animal 's graph to show you the pattern

So, in sunmary, in terns of the in vitro
correlate in the rabbit nodel of inhalationa
anthrax, we feel that we have shown that anti body
levels to PA, both at the peak and at tinme of
chal | enge, have shown to be significant predictors
of survival. At this point, with reconbi nant PA
pl us al hydrogel vaccine, right now we have shown
that one dose of vaccine correlates with

protection, and studies are ongoing right now with
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the two doses of the reconbinant PA to verify that
wi Il be the same.

W did | ook at the nonhuman prinmates and
| ooking at doing a dilution study there too. This
was just a pilot study with very snmall nunbers of
animals to see if we would get the same pattern in
t he nonhuman prinmate, as we had done in the rabbit.
As | said, this was a very small study.
Insufficient aninmals to actually conme to any
statistical conclusions, but we did get, we chose
doses of the licensed vaccine from1 in 12.5 to 1
in 100. W gave themtwo doses and chal |l enged six
weeks | ater.

W did get a nice titration in the 1gG
response, the TNA, and we al so | ooked at | ynphocyte
proliferation indices. W also got a titration
survival, but these results are inconclusive
because we did not have a | arge nunber of aninals
to come to a statistical significance

W then went on to say we have shown that
antibody to PAis a correlate and can predict
survival, but how good is it in the passive
transfer? Can the antibody actually passively
protect agai nst the inhalational anthrax?

So, first of all, we made sone
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conval escent sera, and we nade sone inmmune sera
bot h agai nst the |licensed vaccine in the imune
sera and agai nst reconbi nant PA

In the first study, we did intradernma
chal | enges, using the spores Vollum 1B and the
anti-sera was introduced intraperitoneally. W

started off with the conval escent sera. This,

again, was just a pilot study to see what we woul d

get. W had three aninals that received the

conval escent sera and one control. As you can see,
all survived the challenge, while the control died.

W then went on and | ooked at the inmmune
sera that was raised with the Iicensed vacci ne and

again got sinmlar results. This was, again, with

an intradermal chall enge agai nst Vol |l um 1B

We then went on to | ook at subcut aneous
chal | enge of passive transfer. These studies were

done under contract with Battelle. The design was

simlar, except the chall enge was subcutaneously

with Ares spores this tinme, and the chall enge dose

was 100 LD 50.
W initially | ooked at the i mune sera

fromanimals that had been i mruni zed with the

i censed vaccine. As you can see, the line in blue

is the aninmal that died; whereas, all of the others
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survived. The animal that died was one that got
only one dose of the anti-sera at tine zero.

W then went on and | ooked at the inmune
sera raised with the rPA. So this is anti-sera to
rPA, again, against a sub-Q challenge, 100 LD 50.
The Iines in blue and green are the aninmals that
di ed; whereas, all of the others survived.

We then went on to do a study agai nst an
aerosol challenge, which is what we were wanting to
do all of the time. The challenge dose was 205 LD
50s with Ares. This is a study that has just been
conmpleted. So | don't have any of the 1gG data
| evel s of antibody on board, but the results were
very good. W killed 10 controls, and all of our
test animals survived agai nst a 205 LD
50- chal | enge.

So, in conclusion here, we used the
rabbits and the rhesus nacaque as our chosen ani ma
nodel s to | ook at vaccine efficacy. W have based
this decision on the pathol ogy of the disease, as
we know it today, and the response to vaccination
And we have denonstrated that anti-PA antibodies do
correlate with protection of inhalational anthrax,
and we have denonstrated that the anti-PA

anti bodies can, in fact, protect.
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In conclusion, | would like to thank
everyone who has contributed to this work. | would
especially like to thank Steve Little, Bruce lvins
and Pat Fellows for all of their work and
dedi cati on over the years that have nade nost of
this work possible.

Thank you.

[ Appl ause. ]

DR BURNS: Ckay. | knowwe're a little
late for lunch, but I think it's inportant to take
alittle bit of time for discussion. Again, could
I remind you, if you have a question or a coment,
pl ease use the m crophone and identify yourself.

PARTI Cl PANT: [COFf mcrophone.]

[ I naudi bl e. ]

DR ALVING Carl Alving, WRAIR

As Col onel Pittman pointed out, | don't
bel i eve there are any other vaccines in which
al umi num salts are used subcutaneously. Wy were
they originally used for the anthrax vacci ne?

[ Laughter.]

MR ALVING That's really directed
towards the regul atory peopl e here probably.

DR ROBBINS: | can only give you a

negative answer. | tried very hard to find out
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what - -

DR BURNS: Can you tell us who you are

DR ROBBINS: Robbins of the Nationa
Institutes of Health.

| tried very hard to find out why that
i mmuni zation schedul e was used by George Wight and
MIt Cusis [ph.] many years ago, but there is no
reference, and there is no explanation for it, nor
is there any expl anati on why they used it
subcut aneously and intranuscul arly.

| did want to say one thing about your
presentation, and that is it confirnms what has been
done with di phtheria and tetanus toxin for nany
years in humans of all ages, that increasing the
i nterval, increases the anount of antibody. But
what is not commonly appreciated is that there are
several studies, including one done at the
Massachusetts Public Health Laboratories years ago
to say that reimunization w th nonadjuvant ed
aqueous sol utions of toxoid nmakes nore anti body
t han when the adjuvant is used a second tine.

| suspect what happened is they were
trying to induce antibodies as quickly as possible
with that schedule, and it turned out to be

incorrect. But it mght be worthwhile to take a
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look to see if altering the use of adjuvants and
dosage night be able to give you high I evels of
ant i body qui cker.

DR FRIEDLANDER  Art Fri edl ander
USAMRI | D.

I would just like to add a coupl e of
conments in reference to the question about the
dosage schedul e and the route. As best | can tell
and there is no one around yet who can really
answer the question. There are statenents that are
made in the literature that say that it is based
upon ani mal experinents. Now there are other
vacci nes that were al so gi ven subcut aneously at
that tinme

The other point | think to keep in m nd,
when we | ook back and think why were these peopl e
so ignorant or at least we think they were, is that
when you | ook at the inmmune response, in terns of
the titers, the point that John says is apparent;
that is to say, yes, it is true that the titer wll
i ncrease the | onger the dose, but during that first
si x-week period, you are much better off to have a
0-2-4 schedul e than a 0-4 schedul e.

So, while we think this was a | ong

i muni zation schedule, if you wanted to i nduce

124



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

rapid immunity with such a vaccine, this nay have
been the best way to do it.

DR SIBER  CGeorge Siber, Weth.

| wanted to just probe Dr. Pitt alittle
bit nore on the choice of aninmal nodel. Cbviously,
rabbits and nmacaques are somewhat cunbersone as a
wor khorse ani nal nodel for routine use. M
under st andi ng of the reason why nouse m ght not be
optimal is the capsule as a virulence factor
However, if you use nonencapsul ated strains, you
end up having a nodel where the main virul ence
factor would be PA. If that is what the vaccine
is, that's what the nodel needs to address.

So ny question is are there other reasons
why mce could not be nmade into an adequate node
here?

DR PITT: | don't believe so. W have
gone back nore closely and | ooked at the different
strains of animal nodels, not so nuch for vaccine
efficacy yet, but in ternms of using it as a
screening nodel for antibiotics. W have, in fact,
devel oped aerosol nodel for four different strains
of mice recently and are using it right now, as we
speak, as a nodel to screen antibiotics, in fact,

using a virulent strain, not the Sterne strain. W
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are using Ares, and it works very well.

So | believe if we start | ooking nmuch nore
closely at the different strains of npbuse, as Les
was suggesting, that you mght very well come up
wi th a nouse nodel that woul d be adequate for
screening, but | believe you still need to go to a
nore rel evant nodel to nake sure that you haven't
m ssed sonmething | guess would be the way to say
t hat.

DR BURNS: Could I follow up on that and
just ask this panel of experts what is your
consensus on what the best aninmal nodels are? |If
you were going to use one to get the efficacy data
that you needed for hunmans, would they be, as
Loui se has suggested, a nonhuman prinate and then
secondly, rabbit? Do you have any other thoughts
on that?

DR BAILLIE | think | agree with Loui se.
I think that we need to have a nonhuman prinmate in
t here sonewhere and probably the rhesus nacaque.

As things done at the nonent, the rabbit seens to
be the best nodel, in terns of |ooking at aeroso
chal l enge and in terns of breed across to human

So they woul d be ny choice nodels, but it's not up

to ne.
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DR. DANLEY: Dave Danley, with the Joint
Vacci ne Acqui sition Program

| was interested in a comment that you
made t hat cynonol gus nonkeys were al so used back in
the '50s and '60s. Now, with the shortage of
rhesus that we've got, what is the perception about
goi ng back to a nore avail abl e nonhunan prinmate
nodel so that we can get the work done potentially
faster?

DR PITT: Well, as | nentioned, the
cynonol gus was used very extensively in the '50s
and '60s. In fact, all Brachnman studies were done
wi th the cynonol gus nonkey. | think it would just
need to have sone ninor devel opnent to | ook at the
pat hol ogy and to determ ne what the LD 50 is
conpared to using the new strains, et cetera, but I
believe a ot of the old pathol ogy was done on the
cynonol gus nonkey as well. So they were used
i nterchangeably. So it's a possibility, for sure.

DR. ROBBINS: Robbins, NH

The purpose of a vaccine is to prevent a
di sease. Therefore, |ooking at the di sease process
can be distractive, distractive fromthe purpose of
trying to predict whether a vaccine will be

effective. | think there is an overwhel m ng anount
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of evidence that serum 1 gG PA antibody with
neutralizing activity will prevent the disease.
There are limtations in human experience, but the
AVA vacci ne, which only induces PA antibody to any
degree, has not had a breakt hrough even though it's
been used in high-risk populations for over a third
of a century.

It's an AVA vaccine. So, therefore,
attention should be directed at the very best way
of reliably predicting the ability of a vaccine to
elicit PA antibody. Wat is mssing, | think, is
some sort of consistency in evaluating these
vaccines in animals. | don't think there's two
studies in which the anount of antigen, the route
of antigen, the vaccine strain, the challenge
strain, have ever been used in the sane way. It's
very confusing to draw conclusions fromthis.

Just remenber that the control assay for
AVA was protection against |ethal challenge in
gui nea pigs that have now been di scounted. | think
we shoul d spend nore attention to characterizing
the protein antigen as a physical chemical entity
and by reliably nmeasuring its ability to induce
anti bodi es.

DR BURNS: Any conments? Anybody el se?
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PARTI Cl PANT: [Of mcrophone.] | want to
respond to [inaudible].

[ Laughter.]

PARTI Cl PANT: There have been 68 nonkeys
that have been vaccinated with reconbi nant PA,
essentially the same reconbi nant PA, and 64 of them
have survived chal | enge

There are now, you have heard, studies
wi th reconbi nant PA being tested in the rabbit
nodel . Again, well-characterized product. So,
while it is true that AVA has its problens, in
terns of differences in lots, | think we do now
have a dat abase with reconbi nant PA well
characterized, in terns of the anmount and its
physi cal characteristics, that will give us the
answer, and is giving us the answer, as to what
titers, for exanple, are going to be predictive of
survival .

DR TAUB: Floyd Taub, LifeTine
Phar maceut i cal s.

In other nodels, broad spectrum of immune
stinmulants or sone co-stimnulatory nol ecul es have
been used to enhance i mmune response in total, and
in sone cases, antibody response. | was wondering

if there's any experience how those types of agents
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work in the nodels that you have been descri bing

thi s nmorning, whether one or another has shown

results with those broad-spectrum i muno stinulants

or co-stinulatory-type strategies using the vector

nodel s?

DR PITT:

i ke CPG?

DR TAUB

as bei ng genera

stinmulants. The B-7 or

Are you tal ki ng about things

CPG W use one called beta LT

ot her

co-stinulatory nol ecul es night have been tested

wi th sonme ot her plasmds.

DR PITT: | don't know of any studies.

Do you, Les?

DR BAILLIE

prelimnary work with DNA vacci nes,

know CPG has been | ooked at,

optim zing the PA to enhance CPG notifs,

is all prelimnary work. | don't know anyone out
there that has done it yet. That is not to say
peopl e aren't thinking about it.

DR BURNS: | think we're going to have to

stop there if we want to eat

Lunch is just

it is just

ri ght away.

right out here,

right out here.

and you will

yes.

W have done sone

| ooki ng at

but that

| unch today.

| amtold

see it
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Try to get--let's make it 1:10, okay?
[ Wher eupon, at 12: 11 p.m, the proceedi ngs
were adjourned, to continue at 1:10 p.m, the sanme

day. ]
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AFTERNOON SESSI ON

1:12 p.m

DEVELCPMENT OF SURROGATE MARKERS:

PGCSSI BLE STRATEG ES

DR MEADE: Welcone to the afternoon

session. W have a lot to cover this afternoon, so

we want to go ahead and get started.

| am Bruce Meade, with the FDA Center of

Bi ol ogics, and will be noderating the first of the

Af t ernoon Sessi on

which is entitled, "Devel opnent

of Surrogate Markers: Possible Strategies."

In this norning' s session, the topic was

to review what is known currently and this

afternoon is to take a little different strategy,

and that is to discuss what we need to do now to

nmove forward with this field. Again, our goal is

not to be focusing on the details of any

nmet hodol ogy, as to really define what data we need

to nove forward.

Agai n,

change in order.

you should note that there is one

The | ast two speakers, Dr. Hallis

and Dr. Phipps, will be changing order, since Dr.

Phi pps' and Dr. Qinn's tal ks are coordi nat ed.

Agai n,

the conplexities.

think I will just nmention sone of

Sone of the goals is to be
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wor ki ng on next-generation vacci nes. Mny of it

wi || probably be reconbi nant PA vacci nes, and sone
of the data you will be hearing about this

aft ernoon and sonme of the approaches will involve
some of the AVA and CAMR products, which are
nonpurified vaccine. So it's one conplexity to be
tuned into.

Again, for the afternoon session, | will
just go through the issues that we asked the
speakers to discuss, which are listed here, and we
asked themto discuss the foll ow ng

W asked themto describe studies that
ei ther are being conducted or should be conducted
in aninmals and the data that should be collected in
these studies; we asked themto describe the
clinical studies that are being conducted or should
be conducted and the data collected fromthose
studi es; and then, three, to discuss how the data
fromthe ani mal and human studies could be utilized
to devel op a surrogate marker of human protection
then we al so asked themto describe how the data
could be used to determ ne a human-i nmuni zi ng
dosi ng schedule; and, finally to be prepared to
di scuss sone of the pitfalls or limtations to the

approach bei ng di scussed.
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Wthout anything else, | will have the
first speaker of the session, who is Dr. Drusilla
Burns from CBER

DR BURNS: Thanks, Bruce.

To start out, 1'd like to go back to the
proposed animal rule that | discussed a little bit
earlier this norning, and I want to go over the
requi renents, again, that I went over this norning
and see where we stand on these in relation to
ant hrax vacci nes and new ant hrax vacci nes that
mght utilize this rule, as far as efficacy data is
concer ned.

The first requirenent in this proposed
rule, and again |l et ne enphasize this is only a
proposed rule. This isn't the final rule, so it
coul d change

[ Pause to repair Dr. Burns' m crophone.]

DR BURNS: | think that we do know that
the organismis, that the spores are taken up by
macr ophages. The organi smthen germ nates, grows
to high levels in the bl oodstream and produces a
ot of the toxin. There is sone evidence to
suggest that neutralization of the toxin would go a
long way to prevent the disease, but | think we

need a little bit nore work to pin that down
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exactly.

Secondl y, the second requirenent is that
there is independent substantiation of the effect
in multiple aninal species. W heard a | ot about
ani mal nodels this norning, and | am | ooki ng
forward to the discussion in the panel session on
what the appropriate ani mal nodels would be or do
we have appropriate nodels to nove forward using
this rule.

Thirdly, the animal study endpoi nt nust be
plainly related to the desired benefit in hunmans,
which is generally the enhancenent of survival or
prevention of major norbidity. |In the case of
anthrax, | think what we have to or are concerned
about, if it is used as an agent of bioterrorismor
a biological warfare agent, it will probably be
dispersed in the air. Therefore, | would inagine
what we'd be interested in | ooking at in the aninma
nodel is a challenge with aerosolized spores and
survival of the aninmals that are vaccinated

Finally, the last requirenent, and | think
this is perhaps the nost difficult one to get our
hands around, and this is really the subject of
this next session, the data or information on the

ki neti cs and pharmacodynam cs of the product or
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other relevant data or information in aninals and

humans all ows the selection of an infective dose in

humans.

Now this rule was witten very broadly to
cover drugs and biologics. If it were witten
sinmply to cover anthrax vaccines, | think it would

say the data or information on the i mMmune response
elicited by the vaccine all ows selection of an
effective dose in humans.

So the question really is what is the
protective i mune response and how do we show what
that inmune response is?

So | have cone up with a possible strategy
for doing this, and this is only one possible
approach, and there are several approaches, and you
are going to hear about sonme of themthis
afternoon. | really amjust putting this forward
as a basis to start discussion nore than anything
el se.

First, we would need to eval uate efficacy
in appropriate ani mal nodels, and we need to
determ ne the type of inmune response, and the
magni t ude of that response that is protective in
ani mal s.

Then we need to translate that inmune
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response, the animal imune response, to that of
the hunman response. |In that way, we can estinate

t he magni tude of the inmune response that woul d
protect humans and, finally, evaluate

i mmunogeni city in humans to determ ne the nunber of
peopl e that would respond in such a way that they
woul d be protected. That way you could cone up
with efficacy.

So how might we go about this, really?
And what | amgoing to do is take the situation or
take the sinplest case, and that is that
neutralizing antibodies to PA are protective. Now
that is, | think, an assunption. There is sone
good data to suggest that is going to be the case,
but | don't think we have really pinned that down,
and we'd have to do that in the experinents that we
desi gned.

So, since | amstarting with that
assunption, | think you also have to be careful in
desi gni ng these experinents that you have to take
sanpl es such that you could look at a variety of
i mmune responses, just in case antibodies aren't
the correlate, you could | ook at other inmune
responses to see if they are the correl ate.

So I'd start with i muni zati on studi es,
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and determ ne anti body | evels in the aninal that
prot ect agai nst aerosol challenge. This would be
done relatively sinply. 1 would give different
doses of vaccine and | ook at the antibody response,
and | should get a dose response curve, as is shown
here.

And then after chall enge of the aninals,
you could nonitor survival and death. If it
actually does correlate, if antibodies do correlate
with survival, then you should get a | evel of
anti bodi es above which all of the aninmals survive,
and that woul d be the animal correlate of
pr ot ecti on.

Once you have that, you need to conpare
the quality of animal antibodies to that of human
antibodies. So, if we are |looking at neutralizing
anti bodi es, how could we do that? Well, one
possibility is to just ook at the anount of anima
anti body needed to neutralize a certain quantity of
the toxin and conpare that to hunan anti bodi es.
That way we can translate the aninmal antibodi es
i nto hunman anti bodi es, and then using the above
i nformati on, estimate the quantity of human
anti bodi es that are necessary for protection.

A second way of getting a correl ate of



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

protection and ultimately getting at the surrogate
mar ker protection woul d be passive inmunization
studies. | think these are actually going to be a
very good way to | ook at whether anti bodies are

i ndeed the correl ate because you are | ooking at
anti bodi es al one and not the rest of the inmune
system

So passively immuni ze with aninmals with
human anti bodi es and determine the |evel that
protects the animals fromchallenge. |In that way,
you could estinmate the nagnitude of the human
ant i body response that woul d provide protection in
humans.

Now | think passive inmmunization studies
woul d give us a nmaxi mum |l evel of antibody that is
needed for protection; that is, the nmaxi mum anmount
of antibody that has to be there at the tinme of
chal | enge

It would be interesting to conpare the
results fromthe passive inmunization studies with
those of the active inmunization studies. [If it
takes nore antibodies to protect in the passive
i mmuni zation studies than it does in the active
i mmuni zation studies, then the possibility exists

that menory or boosting plays a role.
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Therefore, we need to |ook at that, need
to if, indeed, you get a booster response upon
chal | enge, and you don't have to have the
anti bodies there at the very tinme of challenge, but
they conme up very rapidly after and hel p protect,
then we'd need to evaluate the kinetics of the
boost response in aninmals and conpare those
kinetics to the kinetics of the booster response in
humans that we see in the clinic just to nake sure
that the kinetics of the response in the animals is
simlar to that of humans.

So | would just conclude by saying I think
that--oh, I'msorry. W need to do the hunan
studi es, of course, and that woul d be to determ ne
anti body | evels attained after imrunization with
t he vaccine in humans and the proportion of
i ndi vidual s that respond to the vaccine.

W probably also want to do assessnents of
the rate of antibody decline over time. Wth these
data, we would be able to estinate the efficacy of
the product in humans sinply by determning the
percent responders that we have, and we could al so
get an idea of the duration of efficacy by |ooking
at the rate of antibody decline over tine.

So | woul d suggest that three types of
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studi es are needed: Active inmunization studies in
ani mal s, passive imunization studies in aninals
and, finally, human i mmunogenicity studies. |
think, with these data, we would be able to get a
handl e on whet her neutralizing anti bodies to PA are
i ndeed a surrogate marker protection in humans.

Thank you.

[ Appl ause. ]

DR MEADE: Thanks, Drusilla. | think we
will hold questions to the end of the session

Qur next speaker is Dr. Conrad Quinn, who
is now based on at the CDC, and he will be
descri bi ng sonme studies done at CDC and their
approach to devel oping correl ates of protection for
ant hrax vacci ne.

DR QU NN Good afternoon, everybody. It
is a pleasure to be here this afternoon to tell you
about the CDC Ant hrax Vacci ne Research Program and
its integrated study in determ ning correl ates of
protection in macaques and surrogate markers of
protection in humans, if all works out.

Before | start, 1'd like to introduce ny
col l eague, Brian Plikaytis, fromthe Biostatistics
and I nformation Managenent Branch at CDC, Nationa

Center for Infectious Disease. Brian's group wll
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play an integral part in the design and the
anal ysis of the correlates of protection studies
which I will tell you about this afternoon

In 2000, the Institute of Medicine
instituted a conmttee to prepare a report on a
congressi onal nmandate on the safety and efficacy of
AVA in humans. AVA is currently the only Iicensed
ant hrax vaccine available in the U S., as you all
know.

This committee concluded that AVA, as
licensed, is effective in humans protecting agai nst
anthrax. It is reasonably safe when used accordi ng
to the |label, but studies are needed to establish a
quantitative correlation of protection |evels and
anti bodies in aninmals and humans after inmmunization
and correlates of protection in aninal nodel s can
be used to test the efficacy of AVA as well as of
new vaccines. So we are trying to set the stage
here not only for an analysis of AVA, but other
second- and third-generation anthrax vacci nes that
are in devel opnent at different stages.

As we have heard this norning, and as we
know probably as a collective anthrax research
interest, there are a variety of key hurdles in

ant hrax vaccine research and inplenentation. 1In
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the context of AVA, its ability to prevent
i nhal ational anthrax in humans is unknown.
Al t hough the Brachnman study of the 1960s used
i nhal ati onal anthrax cases as the denomi nator, the
nunbers were actually too small to conme to a firm
concl usi on about inhalation protection
Surrogate markers for protection in
ani mal s and humans renai n undefi ned, despite the
extensi ve work that has been done over the last 50
or even nore years. A clear correlate, perhaps
with the exception of the rabbit nodel and the
excel l ent data we heard this norning, a clear
correlate still remains to be defined for humans.
The rol e of PA versus the other antigens
and AVA are still to be defined. W know the PAis
the central protective conponent, but work done
using lethal factor and the DNA vaccines that
Darrell Galloway has inplenented indicate that
| ethal factor may al so have a protective role in
this vaccine. W know that AVA vacci nes do not
al ways respond to lethal factor, but nonetheless it
is a conponent of the vaccine and nerits
i nvestigation at some |evel.
The duration of inmmnity foll owi ng AVA

vacci nation is unknown at this time. And, finally,
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but not exclusively, the schedul e and route of
adm ni stration nmay be suboptimal for AVA. As we
head from Phil Pittrman this norning, the pil ot
study done at USAMRIID i ndicates that we may be
abl e to reduce the nunber of doses and to change
the rate of adnministration w thout affecting
antigenicity.

The USAMRI | D st udy whi ch was conduct ed
bet ween 1996 and 1999 and the report which
publ i shed or nmade avail able in 2000 denonstrated
this. The Pittman, et al., showed that the peak
anti body | evels, using intramuscul ar doses at zero
and four weeks, were not inferior to the
0-to-4-week sub-Q reginen at the 6-nonth | evel or
post the third jab.

Unfortunately, again, as Phil told us this
nmorni ng, there was insufficient statistical power
to support a label change at that time. This led
the U S. House and Senate to recogni ze that
addi tional studies needed to be done, and this
Senat e recomendati on, congressi ona
reconmmrendation, fornms the basis of the CDC Ant hrax
Vacci ne Research Program and the objectives were
qui te specific.

The study should determ ne the risk
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factors for adverse events using AVA, it should
det erm ne i munol ogi cal correlates of protection on
vacci ne efficacy in humans; and we shoul d optim ze
the vaccination schedule and its administration in
humans to assure efficacy; and that this should be
a col |l aborative project between the Departnent of
Heal th and Human Servi ces and the Departnent of
Def ense.

So the CDC Ant hrax Vacci ne Research
Program which I amhere to tell you about, falls
into three najor categories:

An AVA human clinical trial which is
nul ti-center, double-blinded, random zed and
pl acebo controlled. Qur target is to enroll over
1,500 participants. The endpoints of the study
wi |l be based on noninferiority of the imune
response, and | will tell you nore about that in
the next few slides. Qur target is to reduce the
dose and change the rate of adninistration, and
there are al so additional substudies, including an
anal ysi s of progesterone across AVA recipients and
the HLA typing. There is also an inmune correl ates
of protection study which I will also tell you
about .

The i mune correl ates of protection study
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in humans is integrated with our prinate study,
whi ch invol ves AVA dose rangi ng and chall enge in
rhesus nacaques. Qur objective here is to study
the effect of dose on survival versus chall enge
ti me post-vaccination and to determne, within the
limts of the study, what is the duration of
protection i n macaques.

This is integrated with an in vitro study
of sanples generated fromboth Part A and Part B
as we call them to determne the inmune correl ates
of protection in primates and to try and use this
i nformati on to determ ne surrogate markers of
protection in humans.

This is the design of the human study. It
falls into six groups. Here we have the licensed
regi men of 0-4 and then 6 nonths, 12 nonths and
t hen boosters. Here we have the conparator by the
I Mroute and subsequent routes, where we drop one
dose, the two-week, two doses, three doses, and
here we have our control groups with I Mand sub-Q
adm ni strati on of saline.

The study primary endpoints are to
denonstrate noninferiority of the anti-PA |IgG
anti body levels by ELISA. This will be expressed

by the geonetric nmean concentrati on between study



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

147
groups and also to denonstrate, as a co-prinary
endpoint, a four-fold elevation in anti-PA titer
that is not inferior to the licensed reginen

These quantitative anal yses of anti body
wi |l be corroborated by using a functional assay,
the toxin neutralization assay, which was devel oped
at USAMRI I D, and we have adopted it for this study.
The endpoints for this assay will be expressed as
the effective serumdilution, giving 50-percent
neutralization, and this is simlar to the output
that was generated in the Pittnman study and al |l ows
us to bridge to that study. W wll also be
reporting the 1gG neutralization concentration and
titers.

The rel evance of these endpoints, as we
have heard this norning probably in nore detai
than | need to go into here, is that PAis the
central protective conmponent. Anti-PA antibody has
a precedence as the protection correlate, and the
toxin neutralization is a neasure of function such
that we can conpare the functional capability of
changing the route froma sub-Qto IM W would
hope to see no inferiority in terns of functiona
ant i body generation.

The ELI SA that we used for determ ning our
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endpoi nts are based on standard curve in triplicate
and our test serumin duplicate. The assay is
specific and sensitive, with a diagnostic
specificity of 95 percent, diagnostic sensitivity
of 98 percent, and these are our ability to detect
fal se negatives and true positives, respectively.
Its sensitivity, in ternms of detection, its mninm
det ectabl e concentration is .06 mcrograns per m.
Its reliable detection limt, as calculated from
the 95-percent confidence intervals around the
bottom of the curve, is .09 mcrograns per m, and
we have adopted this as our lower limt of
quantitation.

The reactivity threshold, based on
anal ysis of nearly 300 negative controlled serum
fromthe [?] Hanes[?] collection, indicates that 3
mcrograns per m is the reactivity threshold and
that this is the upper 95-percent confidence
i nterval of our negative control group

The goodness of fit used here for
conpar ative purposes, realize that this is not a
linear relationship, is .99, and the range of
quantitation of the standard curve is, effectively,
t he whol e standard curve from .06 to 1.7 mcrograns

per m anti-PA IgG
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In ternms of its reproducibility, the assay
is precise with an intra-assay precision of |ess
than 10 percent and interpreted precision of |ess
than 20 percent. |Its accuracy in terns of how
effectively it returns QC sera of known
concentration are given here for the 3QC that we
use.

The Toxin Neutralization Assay, again, is
based on a 7-point standard curve in triplicate.
These nunbers, the data here represents where we
were in our validation process at the end of March
and these nunbers are slightly updated now,
certainly, in terns of the N nunber tested.

But, effectively, we again, simlar to the
ELI SA, we have a standard curve, which is signoid,
and we have a 4-paraneter logistic nodel to it.

Its goodness of fit R-squared is .99. CQur

ef fective concentration range between these three
points is 1.7 to .43. Its reproducibility here is
very good, its precision, and its intra-assay
precision and interpreted precision are very good
for biological assays. Al though not as sensitive
as the ELISA, it does have very confortable | ower
[imts of detection and lower limts of

quantitation. So those are our endpoints for the
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clinical study.

To sumari ze the clinical part then, our
obj ectives are dose reduction, a change of rate of
adm ni stration. There are six study groups, and
our target recruitment is 1,560 participants. It
is a 42-nonth duration.

Qur primary endpoints are based on anti-PA
I gG responses, and we have our interimanalysis at
seven nonths after the end of the enroll nent
procedure, which effectively will be about 16
nmonths into the study itself.

The substudy groups, which I only briefly
nmenti oned, progesterone anal ysis and HLA typing,
are done by our participating study sites. The
correlates of protection is being done at CDC and
in collaboration with contractors at the Enory
Vacci ne Center, Enory University and the Battelle
Menorial Institute. This is integrated with a
nonhunman primate study, which | amgoing to tel
you nore about now.

This primate study, NHP, the nonhunman
primates, the rationale is that AVA efficacy in
humans cannot be directly tested. The rhesus
macaque, as we head again this norning, is accepted

as a good representative nodel for inhalationa
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anthrax in primtes, and we hope to be able to
apply the "Animal Rule." W realize that it is not
yet approved or inplenented, but we hope by the
time the study is conpleted or we conme to do our
analysis, that we will at |least be able to use it
to sonme extent for extrapolating to humans.
Qoviously, for identifying correlates in nacaques,
we will have that information readily.

The objectives of the primate study are to
identify the correlates at 12, 24 and 36 nonths
into the vaccination reginen. W want to
extrapol ate these correlate markers for protection
i n humans, and we hope to use this information
again, if the "Aninmal Rule" is available, to
support proposed changes in AVA adm ni stration and
dosing, particularly when it comes to the booster
doses.

The nmet hods that we are enploying are to
nodul ate the prinmate i mune response by using dose
variation, dilutions of the human dose of AVA
Starting with the human, 1 in 5, 1in 10, 1 in 20,
and 1 in 40 dilutions, and using saline controls.

W are giving themthree intramnuscul ar
injections at 0, 4, and 26 weeks, and we are going

to challenge themat 6, 24, and 36 nonths after
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their third vaccination

W are going to use the conbi ned
i nformati on here from chal |l enge and i nmunol ogi ca
profiling to build our nodel of predicting survival
in the nacague. And then we anticipate applying
this relationship to the human clinical study, in
which we will be taking parallel sanples to predict
protective status of hunman vacci nees.

The direct relationship between the two
studi es are shown here. Wiere the reginens
paral l el each other, are the target prinmary series
in humans of 0, 4 and 6 nonths I M

The tim ng of the challenges in the
macaques will parallel vaccination points of
boosters in the human study groups, and the timng
of the blood draws in both cohorts, the hunman
cohort and the prinmate cohort correspond.

So our first assunption, our first
precedent for the study is that we can nodul ate the
i Mmune response in nmacaques using different
dilutions of AVA. This slide shows that using the
anti-PA 1gG response, this is indeed the case. In
fact, it's a rather textbook exanple of
i mmunonodul ati on based on hunoral responses at this

tinme.
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Here we have the controls in yellow al ong
the bottom and at the top in blue we have the
human dose responses. They are jobbed at 0 weeks,
2 weeks and at 26 weeks, and we have a peak here at
8 weeks, which then drops not exactly to
background, but to very low levels, and then
responds very, very quickly after the third
vacci nati on.

The kinetics of this response is very
simlar between all groups. W get a graded
response. The others are hidden in here. But we
can see human, 1 in 5 1in 20, 1in 40 and 1 in
controls.

This is inportant because sel ection of the
dilution series was not straightforward. W based
this on discussion with our coll eagues at Fort
Detrick and ot her experts in the nacaque field,

i ncludi ng our colleagues at Battelle, and we felt
that it was necessary to try and get a

di stribution of survival and death in all of the
test groups selected, rather than all survival or
all death, but of course we have our human dosi ng
here for the top end of the spectrum

W also felt it necessary to try and give

them sufficient vaccine that we would be able to
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measure our inmune response, so that we woul d have
something to build our nodel with

If we ook at the TNA responses in the
same groups over the sanme time point, we see a very
simlar profile, 0, 2 and 26. Again, a peak at
about 8 weeks, receding to background, and then a
very rapid response after the third jab, and a very
hi gh response.

If we go back here to the ELISA, we can
see we're getting 1.3 mlligranms per m. These are
the geonetric nean concentrations of the groups.
There is distribution within each group, but the
geonetric mean concentration here was over 1
mlligramper m.

So, although we can denonstrate sone |evel
of inmune nodul ation in the nmacaques based on their
anti body responses, the actual survival is unknown,
but we would predict that over tine, after their
vacci nations, we get a grading of survival, and
this is what we hope to establish.

To nmake maxi mal use of this gradation and
m xed response, we have built a very flexible
nodel , which we built on expert advice and externa
consul tancy, that we believe gives us a | evel of

flexibility to maxim ze our statistical power and
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t he nunber of animals that we use, while mnimzing
t he nunber of aninals that we need to use. CQur
target is to have 105 nmacaques on study by the end
of the program

So last year we vaccinated five groups:
Undi luted human, 1 in 5, 10, 20 and 40.

We have just recently begun our first
chal | enge schedule, starting with the 1 in 20
groups, and we have all owed ourselves three
scenarios to be data driven and dependent on
out cone

In scenario, where survival is |low, we
then have a series of precision points and actions
whi ch allow us to maxim ze the use of our animnals.

Simlarly, in scenario two, where the
response is internediate, which is actually the
target response, 50/50 distribution, we al so have a
series of precision- and data-driven processes to
take us through the end of the study. W will be
usi ng nmacaques that are on study at Battelle and
al so under vaccine study and inmune profiling at
the Enory Vaccine Center in Atlanta for this.

Scenario three is based on good survival
at all levels, and this determ nes how nmany ani nmal s

get carried forward and when they will be
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chal | enged

To build our nodel of efficacy, we need to
have i mmune response anal yses and generate the
variables that will be put into the nodel together
with survival

W are coming up to some changes in the
slides that are not in the handouts. |If anybody
wants them just e-nmail ne. They were inportant,
but we nade them | ate.

Qur output variables, in terns of
measuring the hunoral inmune response are that we
will determne the nature of the anti-PA response
across all of the study groups and post-chal |l enge
in the nacagues. W wll nonitor changes in the
nature of that response over tine and
post-challenge. W will look at the neutralization
ef ficacy of the hunoral response and the
contribution of other responses, other than PA to
neutralization and bacterial clearance. W do this
because we recogni ze that although PA is probably
the primary protective conmponent and i mmunogen in
the vaccine, other protein antigens in that conpl ex
m xture may contribute, at sonme level, be it
positively or negatively, to the effect of AVA

W are also going to ook at the cellular
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i mmune response. This, again, is through our
col l aborators and contractors. The out put
variabl es here will be cytokine profiles for The
cells and nmacrophage activation during vaccination
W want to know when protection is acquired, at
least in the context of CD4 nenory cell primng and
i Mmune conpet ence.

When is B-cell nenory established? How
long do these B cells circulate and survive? Wen
do they differentiate and when are they put down
into the bone marrow, and how | ong do they | ast
when they are there?

W al so want to | ook at the rel evance of
the Th bias, which we think will informvaccine
design, and al so the performance of the vaccine
regi mens by conparing between groups.

So we hope to use this information or we
intend to use this information to build a nodel of
predi cting the i mune status of humans and
macaques, starting with the nacaques and then
ext rapol ati ng.

W are not tying ourselves down to any one
approach, and we intend to use a variety of
approaches, both established mechani snms, such as

| ogi stical discrimnant analysis, cluster analysis,



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

but ot her exploratory techniques, and Brian is nuch
nore informed about this than nme, and he will take
all of the questions on the statistics.

W' Il use logistic discrimnant anal ysis
as our placehol der and as our exanple. This nodel
will list a series of assay endpoints or variabl es
to survival, and we will use this information to
construct a discrimnant function fromthe results
using a formula such as this, where we will
cal cul ate an i mmunol ogi c score for the vaccinees.

W will select this information to give us
the greatest discrimnating power. W wll then
correlate the immunol ogi c score for all subjects
and plug it into the nodel, such as the
di scrimnant cutoff, and placed to either maxinze
sensitivity or specificity. In this study, we want
to optimze sensitivity, and we will set that to 95
percent.

Qur nodel will | ook sonething |ike this,
where we have our popul ation that were vacci nated
and survived chal | enge, our popul ation that failed
chal l enge, and this is our discrimnant cutoff. W
wi || hope to use our inmunol ogic score to predict
where a person falls along this axis.

VWhat the nodel will actually |ook |ike
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when it is built is that we will have a probability
of survival against the inmunol ogical score for
individuals. In the ideal world, where, and if we
take, for exanple, three of our dilution groups,
the 1 in 10, 1 in 20, and 1 in 40, six nonths after
vacci nation, we would ideally like to see a
distribution like this, where we have a whol e bunch
of animals. Zero is death, one is survival. There
is nothing in between.

A whol e bunch of animals at the | ow
vacci nation group all dead; in the mddle
vacci nation group, a nice distribution between
survival and killing; and in the higher vaccination
concentrations, everybody survives. That's what
we'd love to see. It gives us a nice step function
so anybody we plug into this nodel, if their
i mmunol ogi ¢ score falls over here, we know they are
protected. That is the ideal

In reality, though, what we antici pate,
and what we are actually finding it will ook I|iKke,
is sonething like this, where we have distributions
of death and survival across the groups with,
again, the ones getting the | east vaccine clustered
down here, and the ones getting the nost vacci ne

clustered up here, and that allows us to build a
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signoid curve, where we have, in this exanple, I
have split theminto quartiles, where we have
percentage per quartile, allowing us to predict,
probably in nore realistic terns, where an
i ndividual mght fall as a part of the group

So how does this correlate to the human
study? While we assune that the nonhuman prinmate
i mmunogeni city and survival curve can be used to
predi ct protection in humans, we are very aware of
the differences in the i mune systens between the
macaques and the humans, as far as is published,
and that is just sonething we have to deal wth

We then intend to apply our discrim nant
function to the I mune Correl ates Protection
clinical trial data from humans and see where they
fit on this nodel and exam ne how vaccinated and
unvacci nated individuals can be scored. W will
then hope to use this information where they fit in
the nodel, what is their predictive survival, to
convey information of when does protection start

and to how |l ong does it |ast.

So, to sunmarize our NHP study, we know at

this point, one year into the study, that vaccine
dose-dilutions can elicit variations, at least in

t he hunoral i mmune response; we have started
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chal l enging with bacillus anthracis at Battelle;
and we are correlating the primary out of that

i mmune response with our serological data. It is
too prelimnary to present at this neeting, so
won't say any nore about it; we are 14 nonths into
this study, and we have a 42-nonth study duration.

So, just to finish off by giving an
overvi ew of what we consider to be a very
i ntegrated study, we have our human clinical tria
and our macaque dose-rangi ng and i mmunogenicity
study. Both of these studies will give us hunora
and cel lular immune profiles in macaques and
humans.

W will use the nacaque study to determne
survival against virulent challenge. W wll use
t he conbi nation of cellular and hunoral i nmune
profiles and virulent challenge to build our inmune
conpet ency nodel and hopefully identify inmune
correl ates of protection.

We then hope to apply the "Aninmal Rule" to
correl ate the human responses with the nonkey
responses and identify human surrogate narkers of
protection. That should effectively close the
conmuni cati on | oop back to our human clinical tria

and nonkey st udy.
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I would just like to finish by identifying
the key players in this at CDC. Brad Perkins, who
is the principal investigator; N na Marano, who is
t he project coordinator; Dave Ashford and Jairam
Li ngappa, who are the technical |eads for the
macaque study; our colleagues at NI P, Ceorge
Carl one, who has been a terrific consultant in this
whol e process; Brian and Tom who are the
statisticians; John Stanper, data nmanager; Jennifer
de Pietra, technical assistant; and the |ab team
who does the serol ogy.

Qur coll aborators and contractors
external: The Enory Vacci ne Center and Enory
University in Ceorgia, Professor Rafi Ahmed and Bob
Mttler; Battelle Menorial Institute, we have Dave
Robi nson, Ji m Estep, Bob Hunt, Andrew Phipps, and
initially we had Herb Bresler. Al so,
subcontractors at OSU and CAMR

Finally, but not l|least, our collaborators
in the governnent and the primary study sites--|I
see sone of the Pls are here today--AVvlIP, USAWRI I D,
NI H, FDA, our study coordinator sites, BioPort for
the vaccine, and TRl are our CRGCs, contract
research organi zati ons.

So that is it. | wuld be to try and take
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any questions you rmay have.

[ Appl ause. ]

DR MEADE: Thanks for that excellent
presentation.

I think we will nove next to our next
speaker. Again, we have changed the order a little
bit. The next speaker will be Andrew Phi pps, who
wi || describe the work being done on correl ates of
protection at Battelle Laboratories.

DR PHPPS: 1'd Ilike to thank the
organi zers for inviting me to speak. W thout
wasting any nore tinme, | will get started

I"d like to begin by tal king about our
rati onal e behind the study. The rhesus nmacaque is
an accepted in vivo test systemfor nodeling human
i mmunol ogi ¢ responses foll ow ng vaccination, and
the several different speakers tal ked about this
nmorning, it is also an accepted nodel for | ooking
at the pathogenesis foll ow ng inhalational exposure
to Bacillus anthracis spores, and therefore was
chosen to be studied in our Part B, nonhuman
primate trial study.

Qur overall experinmental objective was to
characterize the cellular and hunoral inmune

responses at the nol ecular, cellular and whol e- body
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levels in individuals vaccinated with the anthrax
vacci ne absorbed. That was AVA by Bi oPort
Corporation. It is also to ook at those sane
paraneters in our cohort of rhesus macaques.

This cartoon depicts a very sinplified
version of the study design, where we have
vacci nations that are parallel between the hunman
trial study and the primate trial study, with
chal | enges occurring at various points--12, 30 or
42 nont hs foll ow ng vacci nati on, and those
correlate with booster doses in the hunman cohort.

W al so have coordi nati on between the
bl ood draws between the two groups. As Conrad

nmentioned, this is infinitely nore conplicated by

the decision tree and the fact that we have vari ous

dosing regi mes and routes of adm nistration.

However, |'d like to just point out that we do have

i ntegration between the two studies, and that
allows us to conpare our paraneters across the
human trial study and the prinmate trial study.
Conrad al so showed this slide previously,
that we needed to nodul ate the inmune response in
our rhesus macaques, and after much di scussion
decided on using this dilution schene of the

vaccine with the idea of hitting approximately
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50-percent survival in the 1 to 20 vaccine dilution
group, with having greater survival in the 1 to 10
and slightly less survival at the 1 to 40, and that
those would shift at 30 and 42 nonths such that we
could evaluate our paraneters in relationship to
survival. | won't spend any nore tinme talking
about this, as Conrad has already covered it.

I would like to spend nost of the tinme
tal ki ng about the inmunol ogic nmarkers that were
chosen and how we plan to eval uate those and our
rati onal e behind them As we go through those,

I"I'l discuss thembriefly and then go back and tal k
about the nethodol ogi es and the rational e.

We are | ooking at patterns of cytokine
NMRNA synt hesi s and cytoki ne secretion by T cells
followi ng protective antigen stinulation in vitro.
W are also looking at proliferative responses by
protective antigen-specific T cells in vitro.

W are | ooking at anti-PA, anti-LF and
anti-EF i mmunogl obulin profiles, toxin-neutralizing
and opsono- phagocytic anti body activity.

More specifically, for our cytokine
response profiles, we are naking a determ nation of
MRNA and/or protein levels of the TH 1 cytokines,

gamma interferon and IL-2; of the TH 2 cytoki nes,
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IL-4 and IL-6 in humans; and nonhunan primate PBMCs
followi ng stinmulation with PA

W are al so maki ng a determ nation of nmMRNA
and/ or protein levels of IL-1 beta and TNF al pha
cytoki nes that are characteristic of macrophage
activation. Qur rationale for choosing those
cytokines is that the TH 2 cytoki ne production is
critical for the formation of inmmnity to
extracel l ul ar pathogens and toxins. The TH 1
cytoki ne production is critical for the formation
of inmmunity to intracellular pathogens, and that
macr ophage activation is often required for
effective license of intracellular bacteria
pat hogens.

As was nentioned earlier today, the
adjuvant can play a big role in nodulating the TH1
versus TH 2 response, and therefore we are al so
gai ning informati on about that type of behavi or of
al um num hydroxi de in both rhesus nmacaques and
humans.

We are looking at T-cell proliferation
and we are doing that by tritiated thym di ne uptake
of PA-stimulated cells in both AVA-vacci nated
subj ects and NHPs, as conpared to our placebo or

nai ve control groups.
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In vitro proliferative response is giving
us an indirect neasure of the increasing frequency
of PA-specific T helper cells in vivo. The
proliferative response is independent of
functionality. Wen | say that, we | ook at
proliferation as a nmeasure of DNA synthesis, and
that doesn't relate necessarily back to the
functionality of those T helper cells, but because
we have profiled the cytokine response, we can | ook
at that inrelationship to the TH1 versus TH 2.

As Conrad nentioned, nodul ation of the
T-cell proliferation also occurred with our vaccine
dilutions that we chose.

Is there a pointer?

At tine zero, we had--this is a log
sinmulation index and the tine in weeks. At tinme
zero everyone was bel ow what we woul d consider to
be a positive cutoff. Followi ng the first
i mmuni zation, you can see that we had nodul ation
of--and this is a geonetric nean of the vaccine
di lution group, nodul ation of the stimulation
i ndex, and follow ng the second i nmuni zati on at
four weeks we have the undiluted at the top, the
1.5, 1:10, 1:20, 1:40, and then we have the saline

control group at the bottom This is alittle bit
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m sleading in that | have connected these two
points along here. This would be follow ng the
third i mmuni zation at six nonths, and in actuality,
we nost |ikely would have seen a decline in
stinmulation index following with a return with the
third i mmuni zation. But | went ahead and connected
these, although this is probably not the case
because there's no--currently there are no tine
points reflecting this period.

Foll owing the third inmuni zati on, we saw a
nmerger of all of the vaccine dilution groups such
that there really is no statistically significant
di fference probably between the vaccine dilution
groups and that this has held steady out to the
point that |1've shown on this figure.

We're al so | ooking at total antibody ELISA
as an assessnent of the levels of antibodies or IgG
(1gG subcl asses 1-4, 1gA, IgE, and IgM to the AVA
conmponents PA, EF, and LF by ELISA, and we're al so
maki ng an assessnent of avidity by |ooking at
hi gh-avidity anti bodi es by ELI SA and assi gnrment of
avidity indices to serum sanpl es.

W chose to do this because
anti gen-specific i munogl obulin plays a critica

role in the protective i mMmmune response to
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pat hogeni ¢ organi sns and toxins follow ng

vacci nation. And as we heard earlier today, we're
very interested in the anti-PA, 19gG response al ong
wi th defining subcl asses, and we're al so | ooki ng at
IgA, E, and Min addition to antibodi es agai nst EF
and LF.

We know that affinity maturation and
i sotype switching occurs follow ng repeated
i mmuni zations, and changes in the avidity of
anti body attachnment nay also play a role in
pr ot ecti on.

It's necessary to | ook at the
functionality of that antibody. 1It's not enough to
have it recognize the antigen in a format of an
ELI SA or Western blot, but we need to know or
determne its ability to neutralize the activity of
PA. So we're looking at relative nagnitude,
nature, and toxin-neutralizing efficacy of anti body
responses to both PA83 and PA63 conformers. And it
was pointed out this norning by Steve Leppla in his
diagrans that there are nmultiple points along the
pat hway of intoxication where anti body can play a
role. And by looking at the ability of antibody to
act both on PA83 and PA63, we can determ ne where

in this pathway anti body may be inportant in
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neutralizing the effects of the binary toxin
system

We're also able to dissect the
neutralizing activity of serum anti body responses
to EF and LF utilizing assays that neasure
i ndi vi dual enzymatic activities of the EF and LF or
anti bodi es that can neutralize the adenyl ate
cycl ase and MEK-1 endopepti dase.

W need to do this because AVA antiserum
to neutralize anthrax lethal toxin at different
stages in the intoxication process is inportant to
under st andi ng how t he i nmmune response rel ates back
to protection, and that toxin neutralization has
been denonstrated to correlate with protection in
both rodent and rabbit nodel s of anthrax.

We're also | ooking at the ability of
anti body to--or its involvenent in opsonophagocytosis,
we' re maki ng a measurenent of
opsonophagocyti c anti bodi es using differentiated
tissue culture or tunor cell lines as effector
cells. W're looking at fluorescently | abel ed
vegetative cells, and we're al so | ooki ng at
PA-coated fl uorescent mcroparticles in conjunction
with the differentiated cells. And | think there's

some words missing on the slide there.

SO
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W need to evaluate the ability of
anti-AVA antiserumto pronote PA- or other
ant i gen- dependent cl earance of capsul ated Bacill us
anthracis. And, again, this links back to a
conpl et e under standi ng of the i mune response and
how that's related to protection

I won't spend rnuch tine tal ki ng about
this, as Conrad covered it in detail, but we are
working with the CDC to devel op nodel s that woul d
allow us to construct a discrimnate function from
the results of these paraneters such that
Conr ad- - excuse nme here. Conrad mentioned that
we' re building an i nmmunogeni city score using a
conbi nati on of paraneters of variables with
coefficients up to the nunber of variables in the
nodel , and fromthat we can come up with a
di scrimnati on cutoff where we [ ook at survive
chal | enge and fail ed chall enge versus the
i mmunol ogi ¢ score.

That brings nme to the end of ny
presentation. |'d like to acknow edge the Centers
for Disease Control and Prevention, specifically
Dr. Bradley Perkins, Dr. N na Marano, Dr. David
Ashford, Dr. Jairam Lingappa, Dr. George Carl one,

and Dr. Conrad Quinn.
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I'd also |like to acknow edge the
i ndi vi dual s who have worked with me at Battelle
Menorial Institute on this study: Dr. Carol
Sabourin, Dr. April Brys, JimEstep, Robert Hunt,
and Roy Barnewall. Then I'd also like to nmention
those individual s who have worked al so on this
proj ect as subcontractors to Battelle Menorial
Institute: Dr. Lawence Mathes and Dr. Kate Hayes
at the Chio State University; and Dr. Andrew
Robi nson, Dr. N gel Silnman, Ms. Mya Burrage, and
also Dr. Matt Wctone at the Centre for Applied
M cr obi ol ogy and Research

Thank you very rmuch.

[ Appl ause. ]

DR. MEADE: Thank you, and | noticed we
are--1 should thank the speakers. Now we're back
to being on schedule. So in addition to excellent
presentations, we're back on schedul e, so thanks
very nuch.

Agai n, the | ast speaker for this session
is Dr. BassamHallis from CAMR who will tal k about
the work being done at CAMR on correlates. And,
again, | think he is the one in his group who has
cone the farthest, so we really appreciate their

efforts. | think we'll have an opportunity to
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| earn about the other vaccines being used from
their group. So thank you very nuch

DR HALLIS: Thank you. I'd like to thank
t he organi zers for giving me the opportunity to
cone and talk to you about sonme of the work that
we' ve been doing in the UK at CAVRto try and
understand the U K anthrax vacci ne.

The U. K anthrax vaccine has been |icensed
and produced at CAMR and been avail able for hunman
use since the early 1960s. The vaccine is given in
0.5 m doses given intranuscularly, and these are
gi ven--three doses are given within three weeks
intervals at 0, 3, and 6 weeks, and these are
foll owed by a six-nmonth dose given after the third
one. Finally, boosters are given annually.

As part of the commtnent really at CAMR
for continued production of the anthrax vacci ne and
in order to answer a nunber of regulatory issues,
we started a program of research to try and
understand the conposition of the anthrax vaccine.
W wanted to know what's in the vaccine and--what's
in the vaccine, as well as--this is the first phase
for work we're doing now trying to understand the
conposition of the vaccine. Once that is

conpl eted, what we aimto do, use that information
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again, fromhere to try and understand whi ch of

t hese conponents that are present in the vaccine
are contributing to protective efficacy of the
vaccine. W also wanted to know can correl ates of
protection be nmeasured in our vaccine and which of
t hese conponents that are present in vaccine,
again, are contributing to the reactogenicity of
it.

As we answer these three questions, we
wanted to nove on and see can any information and
data generated fromthese pieces of work informus
into the devel opnent on either second-generation or
t hi rd- generation vacci nes.

So the first thing we wanted to do, in
order to start answering this question and | ook
into the conposition of our vaccine, we went
t hrough a nunber of snmall activities starting with
devel opi ng an extraction nethod to allow the
proteins to be avail able and analysis to take
pl ace. The next stage was to devel op a nunber of
specific reagents which we then use in order to
devel op specific assays that we enploy in order to
| ook at the conposition of the vaccine. And in the
notes that were handed out this norning fromthe

neeting | ast Decenber, we have detail ed nmet hod of
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the assays. The principal assays and their
application are in the notes, so | wn't get into
t hat .

As we devel oped t hese assays in order to
answer this question, which is the conposition of
AVP, really nore relevant to this neeting we then
went and nodified all the assays in a way so rather
than |l ook directly and nmeasure for the conponent,
so we coul d use these specific assays as we woul d
nmodi fy themin order to nove on fromthe
conposition and really try and understand and
answer these questions here. So a nunber of these
small activities, going to the first one is the
reagent provision, and, again, | won't get into
much detail on this, but we devel oped a nunber of
expression systens that allows the production
expression, and purification of the three toxin
conponent s.

W al so acquired a clearance given to us
fromthe Institute of Pasteur that allowed us to
produce the S-Layer proteins, both SAP and EAIL.

The standard chromat ography techni que
that's been published really for a nunber of years
were used to purify these conponents, and then we

use this purified antigen to devel op and product
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high-titer polyclonal antibodies produced in rabbis
and gui nea pigs, and we al so produced ot her
additional reagent that are required, and I|']l
point themout in alittle while, for really the
performance of the functional assays that we have.
So the variations were devel oped and a
nunber of assays were devel oped. To start with,
sensitive and quantitative in vitro assays, both
i mmunol ogi cal and functional assays were devel oped.
These allowed us to quantify the i mmunoreactive
toxi n conponents and the S-Layer proteins and the
functional assays allows us to neasure the
functionality of each of these toxin conponents
i ndividual ly, and, again, the two | ethal toxins.
The assays have been applied to support
the continued anthrax vacci ne manufacture in the
U K, and now we're noving on to investigate the
i mmune response of these conmponents in vacci nees.
I"mgoing to show just very qui ck exanpl es
of applying these assays directly to really define
t he conposition of the vaccine. And here the first
one is applying the direct ELISA--the antigen ELISA
to nonitor and neasure the anount of PA and LF in
five recently produced batches of AVP in the U K

and fromthese data we find that the anount of PA
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per intramuscul ar dose varies between 0.6 to 1.1
m crogram These are per dose. As in the case for
LF, we're talking about a third of that actually
was present for LF. There is roughly about 0.2 to
about 0.4 mcrogram per dose of LF.

The next set of assays we applied to
nmoni tor the conposition of the vaccine is the cel
lysis assay. This is a standard nacrophage cel
| ysis assay, which what we used for--in a typica
exanpl e here we have--this is here just purified PA
mxed with LF to formlethal toxin, and we add each
of our vaccine sanples like in the case here to see
how nmuch lethal toxin present and how rmuch actively
| ethal toxin we have in the vaccine. That sanple
then is spiked with known anount of either PA or LF
in order to try and distinguish if we don't have
activity, whether due to one or both of the
conponent s.

VWhat | want to do fromnow really, point
out that although this assay is being used as it's
presented now in the next few assays, to directly
nmeasure the functionality of the toxin conponent.
Al these assays have been nodified to allow us to
nmonitor the ability of antibodies to neutralize the

functionality of these various conponents and the
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toxins as well, and I'Il conme into that inalittle
whi | e.

The next set of assays applying the
endopept i dase assay to nonitor and neasure whet her
the LF that's present in our vaccine, whether it is
active or not, whether it can maintain its
endopepti dase activity or not, and here we have an
exanpl e of two different batches show ng
mai nt ai ni ng their endopeptidase activity.

The other five assays is to nonitor and
nmeasure the adenyl ate cyclase activity of EF in
extracted vaccine, and, again, here really we're
| ooki ng at adenyl ate cycl ase activity of two
different batches. And in a while I'll nove on to
show how t hese assays have been nodified to assess
the antibodi es in vacci nees.

So with regard to the conposition of the
vacci ne, what we have done, we've applied a nunber
of i nmunol ogi cal and functional assays in order to
characterize our vacci ne and support manufacture.

We then went on as well as this, and
actually we started, initiated applying these
assays in the QCreally in hoping that include
t hese assays eventually as part of the batch

rel ease of the |icensed product--as part of the
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batch rel ease of the product. Sorry.

And, finally, the assays formats, as |
sai d, have been nodified nowto allow us to assess
t he i mmune response in vacci nees--in vacci nees
certainly for the diagnosis of infection, but as
well as that in animal nodels.

So the first type of assays that we went
on and formatted are the directed anti body assays.
These assays have actual |y been devel oped,
reformatted to neasure a range of imunogl obulins
fromtotal 1gG and I gG subcl asses, IgM IgA and
I gE, against all the five principal conmponents.
These are the three toxin conmponents and the two
S-Layer proteins in vaccinees and clinical anthrax
cases and in animal studies, as well as the assays
that other people alluded to, is actually to
| ook--we're looking at 1gG avidity in vacci nees and
appl yi ng standard TNA assays to see what the
ability of antibodies to neutralize |ethal toxin.

Here 1've got an exanple of using the

ELI SA to neasure antibody titer. This is whole |1gG

agai nst PA and LF and EF here in a rabbit that's
been vaccinated with a U K vaccine.
This is another exanple of applying these

assays to nmonitor the anti body response agai nst PA
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and LF in this case in a cutaneous anthrax case in
the UK, and this is actually just applying it a
few weeks after--a couple of weeks after synptons
and all the way to a couple of nonths, and, again,
goi ng back really a few nonths |ater

I mmune responses in a U K vaccine have
al so been nonitored using these anti body ELI SAs,
and in here really | ooking--just to give you an
exanpl e, looking at an anti body response, this is
an anti-PAlgGand this is anti-EF IgGin a
vacci nated person, as well as nonitoring whole |IgG
against PA, LF, and EF. As | nentioned, we've got
the various 1gG subcl asses, and in here we have
this assay showing an anti-PA 1gG 1 and anti-PA
IgG 4 in two vaccinated individuals, and third on
the bottomis the negative control

As wel |l as neasuring and nonitoring the
total antibody response between subcl asses of 1gG
we just apply a standard avidity assay to | ook at
avidity, and this is really ability of the
antibodies to still--to bind in the presence of
di fferent concentrations of thiocyanate, really
standard anti body avidity assay.

As well as these, and you' ve seen sone of

t hese exanpl es a nunber of tines today of using
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turni ng around, nodifying the nmacrophage cell lysis
assay to use--to turn it into a TNA assay to really
assess the ability of antisera to neutralize the
I ethal toxin in macrophage cell lysis assay.

So having done all these and applied them
we're nmoving on now to say the correl ates of
protection as a general slide really probably can
be defined as "a biol ogical response determn ned by
| aboratory analysis or by clinical neasure, that is
predictive of clinical protection.” So one could
determ ne i mune responses in terns of measuring Ig
or CM, and conpare the inmune responses in
relation to protection afforded by vaccine in Phase
Il clinical trials and naybe in animal nodels if
Phase II1 clinical trials are not possible, like in
t hese cases.

In this case here, what do we know from
human work? We've heard a lot really this norning
and this afternoon between what know in both human
and aninmal. But with regard to human work, we know
that effective |licensed ant hrax vacci nes contain or
produce either PA, LF, and EF, and other cel
conponents. So we know really certainly that
ef fective |icensed vacci nes produce or contain al

of these PA, LF, EF, and other conponents, nainly
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the S-Layer proteins, Sap, and EAIL.

We know certainly that vaccines induce
ant i body, antibody response to these conmponents to
all these three, certainly least to these five
conponent s.

We know that antibodies to these antigens
are present in conval escent sera as well.

Wth regard to what know from ani mal work
we know t hat PA al one can protect in aninmal nodels,
and we know that anti-PA anti bodi es are associ ated
with protection.

| have to actually say that we don't
real ly know enough as yet to say that there is a
di rect nmeasure on correlation between the
protection and really specific anti-PAtiter or
certainly not in human.

Conmponents ot her than PA certainly
contribute to protection froma nunber of work, and
you heard about the work that's being done in
Gl | oway' s group.

And, finally, it's likely that different
animal nodels are likely to identify different
correl ates of protection.

VWhat we're proposing to do in the UK is

actually U K clinical study to run a proposed
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US. -UK bridging study actually to that of the
CDC AVRP study. And the ideais to run a UK
clinical study by doing only in human but not using
NHP chal | enge.

W intend to carry on using UK
vacci nation schedul e using the sane route,
i ntranuscul ar route, and using the sanme schedul e
that is applied now.

W want to actually try and determ ne
i mmune responses, again, in terns of g and CM,
usi ng the AVRP assays, and by this stage these
assays have been fully characterized, actually
fully validated, and actually will give us a good
i nkage really, bridging between the two vacci nes.
By nmonitoring total Ig responses to PA, LF, and EF
by nmeasuring avidity, neutralization and opsonic
anti bodies, and Dru and Conrad actually talked in
detail about the various assays.

W want to conpare inmmune responses
bet ween the AVA and the AVP and see how these two
vaccines really conpare. And we wanted to try and
| ook at correlates of protection determ ned by
conparison to AVRP NHP i mmune responses at the
stage they becone avail abl e.

So, in summary, really what we've got,
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we' ve got a range of imunol ogi cal and functiona
assays that are currently being used to
characterize the U K vaccine and really trying to
define the conposition of that vaccine. W'IIl also
appl y--nodi fy these assays to allow us to nove from
nmeasuring directly the actual conponents in the
vaccine to really assess the i mmune response in
vacci nees and for diagnosis agai nst these vari ous
conmponents. And correlates of protection for the
U K anthrax vaccine will be determned through a
pl anni ng i nmune response study in vacci nees,
bridging to the CDC AVRP study. And, finally, the
assays could be applied to really hopefully a Iot
of next-generation formats of anthrax vacci ne as
t hey becone avail abl e.

I"d just like to really finish by
acknow edgi ng the U K Departnment of Health and the
Medi cal Supplies Agency, part of the Mnistry of
Def ense, for supporting all this work and vari ous
col l eagues at CAMR and al |l throughout CAMR between
Research, Manufacturing, and QC Divisions, and a
nunber of collaborators for their generous gifts
for various mutants and cl ones and reagents.

Thank you.

[ Appl ause. ]
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t hese excellent presentations. Amazingly, if
you'll notice the clock, right on tine. So we can
open up for sone discussion. | will remnd
everyone to introduce thenselves and give their
nane and affiliation when they ask a question
Feel free to start the discussion

DR ROBBINS: M nane is Robbins at the
NIH | have a question for Dr. Quinn and a
question for Dr. Hallis.

Dr. Quinn, could you conment about the
ef fect of reducing the alum numcontent as well as

the antigen content when you dilute the vacci ne?

Because, as you know, the concentration of al um num

within an injection has an inportant effect upon

t he i munogenicity.

Dr. Hallis, I"munder the inpression from

Ternbill's (ph) work that the U K vaccine only

i nduces antibodies to LF after prol onged

i mruni zation and not in nost cases to the EF, and
at least for the human vaccine, it's very hard to
show anti bodi es to anything but PA even after

prol onged i mmuni zation. | was a little surprised
by your conments.

DR QU NN Shall | answer question one
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first?

W t hought [ ong and hard about bal anci ng
t he al umi num content and adjusting it, as you say,
because it does have--alumnumon its own, inits
own way w |l have i mmune-nodul ating effects. But
after nuch discussion with our collaborators and
t hose who have to actually performthe assays, we
decided that the risk of introducing nore variabl es
was greater than the risk of keeping the--adjusting
the al um num

DR ROBBINS: But if you were to use
purified PA, you would have to keep the al um num
constant with various dosage of protein, so the two
results may not be conparable.

DR QU NN That is absolutely correct.
Again, it was sonething that we have--the anount of
di scussion and scrutiny that the study has been
under since it started has brought these points to
the fore several tinmes. Wth the reconbi nant PA
vacci ne, you have that opportunity to mx and match
as you see fit and within your study design. Wth
AVA, which is pre-nmanufactured and purchased, we
don't always have that opportunity. But | take
your point, and we have di scussed that.

DR HALLIS: In our experience, certainly



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

187
t he anti body response to LF appears to be that at
an early stage in vaccinees, certainly in a nunber
clinical cases where we have sera sanples even from
early stages, we also see a neasurable and a really
good, high antibody titer against LF as well.

DR ROBBINS: At least in Ternbill's
articles, which is the only one that I know that
are published, there was little LF and hardly any
EF produced by the Anerican vaccine. Now, the
Engl i sh vacci ne does not produce EF, only in a few
cases after prolonged i mmuni zation, the EF, and the
LF is a variable response. It really |ooks |ike
it's the same vaccine as ours. They're PA
vacci nes.

MR, . Actually, I think you'l
find that the U K vaccine does stinulate LF
anti bodi es, and | have a good nunber of [inaudible
- of f m crophone].

DR HALLIS: Certainly that--

DR ROBBINS: But it's not published.

MR, . [inaudible].

DR HALLIS: W have actually studied the
conposition of a huge nunber of vacci ne batches,
and they all consistently contain LF in the anmount

| showed really up to certainly 0.5 of a m crogram
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if not nore than that as well. And nost of them
contain EF, but to a nuch | ower anount.

MR, : 1'djust like to
conplinment the investigators at the CDC for the
desi gn of the nonkey and human studi es, because
think they'll yield an enornous anount of val uable
i mmunol ogi ¢ information relating the nmacaque
response to the hunman

| wondered, though, whether you've
consi dered what Drusilla suggested, which is direct
passi ve protection experinents of your nonkeys with
human serum maybe obtai ned by pheresis to draw that
link very directly.

DR QU NN W have indeed consi dered
that, and there are so many things that we woul d
like to do, but we had to draw the |ine based on
our resources and our capabilities and our funding.
And that study we hope will be done, but not as
part of the AVRP but as part of the inmmunogl obulin
for therapy study. W would hope to do exactly
that, and that study is in the planning and
i mpl enentati on stages, and | think Phil Pittnman
al luded this norning that recruitnment for
pl asmapheresis is ready to start. So we woul d hope

that will be part of that study.

188



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

MR, : WII you be pheresing the
same volunteers that you have in the study you've
descri bed?

DR QU NN Phil, do we have an answer for
t hat ?

DR PITTMAN: Negative. These will be
i ndi vi dual s who have been i muni zed (?) and have
recei ved the anthrax vaccine as part of our (?)

i muni zati on program

MR : Another comment is that
thi nk you have an opportunity--and naybe, again,
you're doing this to evaluate the anamestic
response in real time. And although that's not the
primary thing that we're asking for, it certainly
woul d be nice to know i f anamestic responses m ght
contribute to protection in people whose titer has
fallen off. Are you drawing sanples at early tine
points with your booster doses to | ook for
neutralizing activity and how quickly it comes up?

DR QU NN Yes, we are indeed. Bryan,
did you want to comment on the tining of those
doses--or draws?

As part of the booster kinetic studies
we're taking sanples, | believe--and | stand to be

corrected--at three days, five days, seven days, 14
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and 30 days after each--after the six-nonth and
after the 18-nonth boosts, and we will study the
onset and the nagni tude and duration of our
ki netics response.

DR . BABCOCK: Six-nonth dose, 30-nonth
dose, and 42-nonth dose.

DR QU NN Six nonths, 30 and 42.
Janiine is the PA at the Walter Reed Arny Institute
of Research on one of the human study arns. Again,
Jani i ne?

DR BABCOCK: There will be a range, but
basically all the people will be random zed- -

DR. MEADE: You probably shoul d speak in
t he m crophone.

DR BABCOCK: Basically the people will be
randoni zed into three groups, Goups A B, and C
Goup Awll give their kinetic sanple in the
first--days 3 to--1 think it's days 3 to 8. Bwll
give it after the six-nonth dose from8 to 11 or
something. And then it's 11 to 14. Then the
groups switch after the 30-nonth dose, and they
switch again. So we're getting a continuous range
so there will be a continuous range of sanples from
3 to 15 days afterwards and then again at 30 days.

DR. QU NN  Thanks, Janii ne.
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A point here is that we are not taking
di screte time points and naxi m zi ng the nunber of
those tine points. Qur objective is to build the
full curve of the response, so we're taking
mul ti ple readings over nultiple days.

DR BURNS: | just wanted to interject a
qui ck question as a followup to George's on the
passi ve i muni zation studies. You are talking
about using sera fromindividual s who' ve been
i mmuni zed with AVA. Have you given consi deration
to using sera fromindividuals inmunized with
reconbi nant PA so you don't have a nore conpl ex
sera but, rather, it's antibodies to a single
protein that mght give you information for the
next - generati on vacci ne.

DR. QU NN That would be nice to do, but
within the context of the inmmnoglobulin trial
it's, again, not feasible because the |icensed
product is AVA. But what we are finding--and we've
heard it several times this norning--is that the
predonm nant anti body response in AVA sera--anti-AVA
sera is PAdirected. W have very few letha
factor responders. W have no edena factor
responders. And when we correlate the 1gG

neutralizing concentration in the TNAto the 1gG
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concentration in the ELI SA, we get a very, very
good concentration comng back. So it's sonething
that would be nice to do, but we're not set up to
do it yet.

VS. . On your proposed studies
with the cytokine profiling, there was--is this not
on? There. kay. | just wasn't close enough
Your proposed studies with the cytokine profiling,
there's a group that I've conme in contact with
recently that are doing real-tinme PCR on a nunber
of cytokines, and they've been doing these on
clinical sanples for quite sonme tinme with
rheumatoid arthritis patients. And | think that in
terns of the experience ny lab has had in real tine
and al so looking at micro arrays, the systemthat
they have is really nicely standardi zed and woul d
probably be very useful in your system

I don't know what you've al ready nade
arrangenents on that, but | can give you nore
information on it.

But then the other thing I wanted to
mention is in terns of the adenylate cycl ase
activity that's associated with--you were the one
that nmentioned that, weren't you? 1'mnot--I

suddenly can't renmenber who it was.
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DR PHI PPS: Yes, we both did.

VB, It was you, yes. In our
mcro array studies, we've also picked up a nunber
of other genes that are regul ati ng adenyl ate
cyclase, and that m ght be something interesting
for you to | ook at, too.

DR PH PPS: Thank you very nuch for the
comrent .

DR ALMING Carl Alving, WRAIR | just
wanted to weigh in on the al um num question that
John Robbi ns raised before. It's ny understandi ng
that the alum num has to absorb the antigen, and so
if you just put alumnumin wthout absorbing the
antigen, then you m ght not have--1 nean, you
may--you m ght not take advantage of the depo
effect of the al um num

If you put nore alumnumin with the sane
anount of antigen, when you diluted the antigen
out, you m ght get greater absorption

So | would say that to take advant age of
the depo effect, it's perfectly appropriate to
sinmply dilute the alum numalong with the antigen
as well, because | don't think the alumnumis--it
may have effects independently of the depo effect,

but you're going to alter the depo effect
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dramatically if you change the al um num

MR, . Carl, if you reduce the
al um num you reduce the response. |If you reduce
the al um num you reduce the response to the
anti gen

DR QUNN Could I interject? That was
actually one of our objectives in the prinmate
study, to reduce the inmune response. And after
much di scussion--and this point did cone up severa
ti mes--we thought that it was a higher priority to
mai ntain the antigen-adjuvant ratio rather than to
bal ance the anobunt of adjuvant we weren't giving.
So, yes, we are trying to nodul ate the i mmune
response here, and it was one of the objectives.

DR ALVING Just to add to that, if you
increased the al um numbut didn't increase the

antigen, you--

MR, . You get a higher
response.

DR ALVING You do?

MR . Yes.

MR GOLDING |I'mBasil Golding with the
FDA. |'mvery curious about the functiona

activity you notice in your IVP regarding EF and LF

in your assays, and | have two questions related to
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that. One is: | would assune that--and, you know,
| haven't seen people injected with the I'VP so
don't know. | would assune that there is sone
reaction, sone |ocal reaction if you have the
toxins in your vaccine. And ny question is how
much of a local reaction do you get and how do you
know how much EF and LF you want to be in there in
order to make this a safe vaccine

But the second question is nore
theoretical, and that is, if you have EF and LF and
you have a local reaction, | would assune that that
causes inflanmation at | east of cytokines and woul d
i nfluence the i mmune response probably in a
positive way. And | don't know how nuch--you know,
you' re tal king about batch-to-batch control, and
that may turn out to be inportant also in terns of
ef fi cacy of the vaccine.

DR HALLIS: Wth regard to your question
on how much we want to have LF and EF, this is
anot her story. Wiat we're | ooki ng now, not
optim ze the conponents in terns of conposition
We're |l ooking to see what's in the vaccine. The
vacci ne certainly contains the three conponents.

W believe the way the vaccine is actually--or the

conmponents precipitated on the al um num does not
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allowthe toxins to be forned, and that's what is
stopping side effects and toxicity fromthe
vacci ne.

MR GOLDING And in terns of | ocal
reaction, you think that--so you don't think that
there's any inflammation related to it because the
fornmul ation prevents any effect, is what you're
sayi ng.

DR HALLIS: Yeah.

Ms. POLONIS: Hi, Vicky Pol onis--

MR GOLDING Excuse ne, a mnor question.
Don't you use formalin?

DR HALLIS: No, our vaccine does not
contain formalin.

M5. POLONIS: Vicky Polonis fromthe Henry
Jackson Foundation. In terns of Dr. Burns'
suggestions for conparison of imunogenicity in
ani mal nodel s versus human vacci nees, | wondered,
has anyone done one-year epitope nmappi ng studies
using PA, for exanple, the interm nal region
thought to elicit the neutralizing antibodi es using
technol ogi es |i ke the Gei sen (ph) pep-scanning
nmet hod? Because it would be interesting to note if
the pattern and nagnitude of epitope reactivity in

human sera versus aninmal sera in any of the ani na
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nodels is simlar or different. And is it thought
that linear epitopes do play a role in
neutralization? O is it known to be
confirmati onal antibody dependent? Can somneone
address that?

DR QU NN Your answer is on the way down
t he steps.

DR BAILLIE Yes, | nmust say that we
actual ly epitope-nmapped PAin a variety of nouse
nodel s, and we are keen to | ook at the human immune
response by taking T-cells frominmuni zed
i ndividuals and seeing if they respond to the sane
epitopes. |1'd be really keen to | ook at these
epitopes in terns of whether we see different
responses in different individuals based around
their T-cell responses. So, yes, there are plans
todo it.

| al so know peopl e have been | ooki ng at
confirmational epitopes and there's a |ot of work
at USAMRIID trying to work out where (?) binds
and (?) bond.

In terms of the third part of the
question, there's a lot of interest in the nmain
four in terns of the antibodies that bind to it and

wor k going on to devise antibodi es which would bind
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to that region to neutralize

DR. MEADE: Does anyone el se on the pane
wish to add to that?

DR QU NN As part of the CDC study,
we' Il al so be doing CD mapping with Raffi Ahned
(ph) who's a world-renowned | eader in this area of

H'V research. So there's a |ot of people doing

this now.

DR. MEADE: | guess | have one additiona
question. | think studies were proposed | ooking at
opsonophagocytosis. |Is there any evidence for the

particul ar types of antibodies that would be sort
of phago-(?) --opsonophagocytic? Any evidence,
for exanple, that PA would contribute in that way
or do any other--the character and nature of the
anti bodi es?

DR QU NN  Who was the guestion to,
Bruce?

DR. MEADE: |I'masking if anybody
who's--if there's any evidence, any data yet coning
fromany of the studies yet that woul d speak to
t hat.

DR QUNN Not fromthe CDC study at this
stage. Art alluded to this sort of effect this

nor ni ng.
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[ I naudi bl e conmmrent of f mi crophone. ]

DR. MEADE: (Okay. Well, good. |If there
are no nore questions, | think we're on tinme.
Again, | think thank the speakers for a very
excel l ent presentation

[ Appl ause. ]

DR. MEADE: W're to gather back here at 3
o' clock for our panel discussion. | think we've
set the stage for hopefully a very interesting
di scussi on begi nning at 3:00.

[ Recess. ]

PANEL DI SCUSSI ON: HOW DO WE DEMONSTRATE EFFI CACY
OF ANTHRAX VACCI NE?

DR McINNES: Thank you very nmuch. W're
going to nove into the final session this
aft ernoon, which is a panel discussion, and we have
four panel nenbers who | would like to introduce to
you: Dr. Em| Gotschlich on the |left-hand side
Dr. Arthur Friedl ander, who you heard this norning;
Dr. Erik Hew ett, University of Virginia; and Dr.
Ceorge Siber fromWeth. Al four have had many
years of experience in a variety of vaccines and
bei ng call ed upon nany tines to think about
difficult and chal |l engi ng probl ens and propose

i nteresting solutions to them
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And in thinking about this panel and how
we might structure it, Drusilla and I had tal ked a
little bit about how the day would go and how we
should end up, and it's very clear that she would
like to have independent input fromthe commttee
and fromthe panel on sonme of these questions, and
she really would very much Iike to have input from
all of the participants here in the roomwho have
t hought s about these topics.

We're going to do our best to get a
nm crophone to use should you indicate that you
would Iike to speak. It is rather a vertical room
and when you stand up you have the feeling you are
going to fall forward. So I do understand. |If
you' d like a m crophone brought to you, we will do
the best we can to accommodate that.

The first question that is posed to the
panel is: Wich aninmal nodel s or nodel s best
approxi mate the human di sease and the hunman i mune
response? And we certainly heard sone of that this
nmorning, and I'mgoing to pass that to the panel
whet her there are coments, and perhaps, Dr.

Friedl ander, | could ask you to respond first on
this.

DR FRIEDLANDER: | think my feelings on
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this subject are already in practice, that is, |I've
made ny deci sions, and the evidence for that is the
approach that we've taken over the |ast ten years
now in terns of studying anthrax, this particul ar

i nfectious disease. And while some of it was
clearly just, frankly, intuitive, sonme of it was
based upon observations in the literature. And
that is, as you've heard, that at |east

pat hol ogi cal Iy, not inmunologically, the prinate,

t he non-hurman prinmate nost cl osely approxi nates the
pat hol ogi ¢ findings that are found in the human
popul ation. And that was basically the consensus
of opinion of a previous generation of

pat hol ogi st s.

And | think it's been substantiated in
terns of the unfortunate opportunity to have | ooked
at sonme of the human pathol ogy again. But that's
just fromthe perspective of the pathol ogy, and
that's the non-human prinate.

In ternms of the i mmune response, which is
really the other side of the coin that you're
| ooki ng at when you're trying to understand the
mechani sm of imunity, there | think the question
could be put out to the broader comunity. |'m not

an i nmunol ogi st, but intuitively, one feels that
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we're closer to a non-hunman primate than to a nouse
or a guinea pig or a rabbit. And at least in ny

di scussions with other primatol ogists, | think
that's a reasonabl e assunption, and sonmeone woul d
have to nake a case ot herw se

Now, one question that does cone up is
whi ch non-hurman prinmate, and that was addressed a
little bit in some of the questions about the
non-availability of the rhesus nacaque. | raise
that poi nt because we know for other infections
that there clearly are differences in terns of
di fferent species of non-human prinmates. Whether
that's the case or not, | really don't know As
Loui se nentioned, years ago the cynonol ogous nonkey
was used to a large extent in many studies.

So to end nmy answer, | think the best
nodel to date is a non-human primate. | would say
that, if anything, humans appear on the basis of
pat hol ogy to perhaps be sonewhat nore resistant
than the rhesus nacaque--nore resistant--and that
one can, in fact, garner--develop a spectrum of
sensitivity to the di sease, where the rabbit is
nore sensitive, dies nore quickly than a non-hunan
primate than the human, | believe.

In terms of other nodels, again, we
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have--1 think one could nmake--we stayed away from
the nmouse for the reasons that you' ve heard, but I
think the point that was nade, that someone made,
think it was a reasonable one, and | happen to
agree. |If it's a PA-based vacci ne, one could nake
a case for the nouse as a screening as opposed to
rabbit. W chose the rabbit, again, because it had
been used in the past, because it is predictive of
t he vacci ne-i nduced i munity in the macaque. So
that's the reason that we cane down with the rabbit
and the non-human pri nmate.

DR. McINNES: Dr. Siber, do you have any
coment s?

DR SIBER Well, nostly I"'mreflecting
what |'ve heard today, but | would just say this:
| think what we're trying to do is ask the question
of what the nature of the immunity is that wll
protect, and we want to minic as close as possibly
the human situation in the absence of humans as
opposed to a release test for a vaccine, which is
very different.

And, therefore, | guess what we've heard
is the aerosol challenge is the nost difficult to
protect against. It has the greatest nortality and

nmorbidity and is the nost likely threat to us. And
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so | think the nodel has to be an aerosol nodel

and we al so know, | think--or I think we know that
of all the nodels we've |ooked at, the primates are
the closest to us in terns of the physiology of the
toxi n working, although we haven't seen a | ot of
specific data that nany of the aninals different
that much in that regard. But certainly nmacaques
woul d be a good choice for that.

So | would vote with primates.

DR. McINNES: Dr. Hewlett?

DR, HEW.ETT: Thank you. | have a couple
of questions that 1'd like to pose along wth
maki ng an answer. The first is in the context of
t hi nki ng about the ani mal nodel and the gui delines
that Drusilla provided for us in the proposed rule,
there wasn't nmention of feasibility in ternms of
acquisition, availability of animals. As part of
that, there was a suggestion that nore than one
ani mal nodel could or should be used, if that's
possi ble. And I wonder about the consideration of
| ooking at, in light of what Dr. Friedl ander said,
the rel ati onshi p between several of the
representative nodels, the rabbit and the non-human
primate and the hunman, to the extent that we have

data in the human, to use a validation--use the
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non- hurman prinmate to the extent that we can and
need to, but then in the context that George Si ber
just brought up, for control testing and rel ease,
to be able to fall back on a rabbit or sone ani ma
that is not quite so hard to conme by and not so
problematic in terns of acceptance of its use.

Now, the other part that | think is
i mportant, we don't have the criterion up here.
The other thing that Drusilla nentioned was
reasonably well understood pat hophysi ol ogi c
nmechani sm of the toxicity of the substance to be
protected against. And we have cone down to the
fact that we're tal king about the toxins, EF and LF
and PA. I'mstill concerned about the capsul e and
what the capsule mght be doing in sone aninals,
and | don't think that we know about hunmans.

But in light of that, we haven't tal ked
very much--1"mnot convinced that we know a | ot
about the pat hophysi ol ogy. W have nade sone
assunptions in the past based on reports in the
literature on rel ease of cytokines, a story that
makes reasonabl e sense. But |'mnot sure--we
certainly haven't seen those data today, and I'm
not convinced as to what the sequence of events is

and what role the cytokines play.
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I know that that can nake a big difference
fromone animal systemto another in naking the
conparisons. |If we're just tal king about up-front
protecti ng agai nst PA binding and bi nding of LF or
EF to PA, | think that's a lot easier. But the
downst r eam pat hophysi ol ogy is al so i nportant, and
think if we just focus on PA, we're going to be
negl ecting that.

So | do agree that the non-human prinate
is very inmportant and probably the best to be used,
but I would like to have a backup, sone
correlations with another aninal that could be used
nore easily in the long term

DR McINNES: So the derivation of a work
horse animal for all the studies with the nice
correlation to the non-hunman primate and then to
humans. W do have work horse

Em |, any coment?

DR QGOTSCHLICH: | have two comments. One
is that | mnmust nake a disclaimer. | ama menber of
an |OMconmittee that is review ng the CDC program
whi ch you have heard presented this afternoon by
Dr. Quinn and also by--I"mafraid | already forgot
the nane of the gentlenman fromBattelle. And,

therefore, anything that | say this afternoon about
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those two prograns is ny personal opinion and not
the opinion of the IOM Louise, are you satisfied?
Very good.

I think that anything inportant about the
ani mal nodel s has al ready been said. The data that
was presented by Dr. Louise Pitt was, | think, very
convi nci ng about the applicability of the rabbit
and the non-human primate nodel. The only thing
that may not have been nentioned yet this afternoon
and needs to be nentioned by sonebody |ike nyself
who is not yet used to the fact that noney is
absolutely no object is that one should keep in
mnd that rabbits are a hell of a | ot cheaper than
nonkeys.

DR FRIEDLANDER. Can | just add a comment
to what Erik said?

DR. M NNES: Yes, go ahead.

DR FRIEDLANDER. | woul d hope that the
presentation | gave this norning, if anything, said
we know nuch | ess than what know about this
di sease. W know about the toxin because it's
easy--it's easy--it's easy to do in vitro
experinments. It's very, very hard to do in vivo
experinments. And, you know, this toxin is not very

potent in a prinmate in terns of lethality. W're
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talking mlligramquantities to kill a primte.
That's a ot of toxin. That's not to say the toxin
is not inportant in its pathogenesis. But | think
there's nore that we don't know than what we do
know, and | think we're very, very fortunate,

t hough, for a PA-based vaccine, extraordinarily
fortunate, to have a functional assay. If we
didn't, we'd be in nmore trouble. | think that
offers us really a hope that we can actually pul
this off.

DR McINNES: Thank you.

Are there comments fromthe floor
regardi ng the ani mal nodel best approxi nmati ng human
di sease? Yes, please, sir?

MR, . Are non-hunman primates
susceptible to infection with toxin-negative?

DR FRI EDLANDER  You know, we've been
tal ki ng about doing that experinment for a |long
time. |1've been thinking of that for a long tine.

I don't know the answer to that.

The presunption--1 don't know any data
about it. The presunption is that it's going to be
attenuated and essentially avirulent, as it is in
t he guinea pig.

DR McINNES: Dr. Alving?
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DR ALMING Carl Alving fromWAI R |
woul d say that the question as it's phrased is
per haps--may be changed a little bit. Instead of
sayi ng whi ch ani nal nodel s best approximate the
human di sease, the animal nodel is not necessarily
supposed to precisely reflect the human di sease for
certain types of regulatory actions that m ght be
t aken.

For exanple, if you were sinply to change
fromIMto--fromsub-cu to IMor to change the
nunber of doses, it appears to ne that the anima
nodel should nerely reflect the antibody titer and
not --you woul dn't need to know all of the
pat hophysi ol ogy and all of the other issues.
However, if you're going to change the vacci ne
radically in sone way to go to a different antigen
or attack a different part of the di sease process,
then it mght be nore appropriate.

But | think we are already
assum ng--correct me if I'mwong--that the present
ant hrax vaccine actually works and that it is
protective. So we already have a protective
vacci ne, so we al ready have the best aninmal nodel
which is the human. And so the hunman is inducing

anti bodies, and so it seens to nme that sinply for
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snmal | changes in the vacci ne that could change the
regul atory issues involved, sinply a rabbit would
be good enough or a non-hunman primate.

DR. McINNES: And you're speaking
specifically about AVA now?

DR ALVING Yes, only about AVA.  Now,
for other vaccines, that may al so hold true, but
we' re tal ki ng about AVA here.

DR McINNES: Al right. Any other
comments? Yes, please, sir?

MR A@R: M nane is Lallan Gri, and I'm
fromBioPort Corporation. | think in a situation
like this, it's always a good idea to have sone
i nput fromthe vacci ne nmanufacturer, and that's why
| thought | would nake this attenpt. | think one
of the panel menbers has already echoed it, and
would Iike to say that definitely it's no secret
now t hat many manufacturers have been forced out of
t he vacci ne manuf acturi ng busi ness as a result of
the cost of devel opnent and manufacturi ng and cost
of conpliance. So | certainly sincerely hope that
as time goes along, we will I earn enough fromthe
conparative study of the rabbit as well as rhesus
nmacaque, the non-human prinmate, and it will be not

too I ong before we can definitely nake a switch to
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a | ess expensive ani nal nodel, yet a nodel that can
definitely assure the efficacy, safety, and the
pot ency of the anthrax vacci ne.

Thank you very rmuch.

DR McINNES: Thank you.

Yes, please?

MR, BALADY: M ke Bal ady, JPO Dr. Siber,
| agreed with your conment concerning the aeroso
bei ng the nost stringent case, but | think that in
the clinmate we have today, with the general public
havi ng concerns about not just the aerosol but
i ncluding the cutaneous form we need to address
that here, too, in the forum

How are we going to do that with our
ani mal nodel s? How shoul d that be addressed?

DR SIBER | guess ny question would
be--and | woul d ask the experts--whether the anmount
of antibody that will protect against aerosol would
be expected with great confidence to al so protect
agai nst cutaneous and @ chall enges.

What |'ve heard, | think I've heard, is
certainly that those are gentler challenges, if
that's the right term and that you would certainly
expect that. But maybe you need to do an

experinment or two to nail it down and convi nce
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yoursel f of that.

DR. FRIEDLANDER If | nay--

DR MINNES: Dr. Friedl ander?

DR FRI EDLANDER.  Just a comment. | think
t he overwhel m ng concern here is still--renains
i nhal ati onal anthrax. Cutaneous anthrax is readily
identified now-1 nean, that's not to deny that
it's a concern

But in regard to the other point, | think
it's fair--there's not any data except in the
gui nea pi g--

MR, BALADY: But you have to relate it
back to the animal rule. Renmenber what we went
through earlier. The aninmal rule says it has to be
as good as the current vaccine, and you have to
have the indications that the current vaccine has.
So when this work has to be done, | think the
expectation fromthe agency, and including the
public, will be that you will have shown
experinmentation with any new vaccine that will
equal the current vaccine. And the indication is
for cutaneous.

So, | nean, you can't--

DR FRI EDLANDER. Say what - -

MR BALADY: The indication is for



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

213

ant hr ax- -

DR. FRIEDLANDER No, it's not.

MR BALADY: It's not for aerosol

DR FRIEDLANDER It's for anthrax.

MR BALADY: For anthrax. Well--

DR FRI EDLANDER. Exposure to ant hrax
spor es.

MR BALADY: Well, it includes the

cut aneous form

DR FRI EDLANDER: Not just cutaneous.

MR BALADY: It includes the cutaneous
form

DR. FRI EDLANDER  Yes.

MR, BALADY: Therefore, the expectation is
that this new vacci ne, whatever it would be, should
have that indication also, and it hasn't been
addressed in these discussions.

| agree with you that the aerosol is the
nost i mportant.

DR FRIEDLANDER. Ckay. | would just say
in reference to what we know about the gui nea pig,
yes, that it's certainly nore difficult to protect
agai nst an aerosol challenge. On the other hand,
remenber, this disease is a disease that occurs in

the nmediastinum at least we think it does. And so
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where the vacci ne works, of course, is not so
clear. | nean, how the vaccine works is not so
clear, this one or any other, yet. But it's closer
to a systemc infection or, if you will, an
i nocul ation in the medi asti num as opposed to the
skin than a pneunonia, which at | east
pathologically it seens that way. So any
vacci ne--you' d have to denonstrate it, but any
vacci ne that protects agai nst aerosol and
nmedi astinitis you woul d--that woul d protect against
cut aneous di sease.

DR MINNES: Dr. Robbins?
ROBBINS: |If a person is exposed--

McI NNES: M crophone, pl ease.

3 3 3

ROBBINS:  Excuse nme. [|f an individua
is exposed, or an aninmal, really, is exposed to an
i nhal ati on of anthrax, we presune fromthe ani ma
experinments he will not be protected by vaccine
al one. The aninmal work shows that if you are
exposed within a day the vaccine has no effect. No
effect.

Now, ny interpretation of that is if you
don't kill the inoculumof an organi smand you
allowit to grow, you haven't got a vaccine. So

wor ryi ng about what the organi smdoes in the



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

nmedi astinumand in the | ynph nodes is a non
sequitur if you're studying howto predict the
vaccine is going to work.

The best information is, in aninmals, that
antibodies to PA alone will protect, and in hunans,
the information is limted. The only good clinica
study we have shows that it protects against
cut aneous ant hrax 92 percent efficacy and it was 5
and 0 against inhalation. Not enough for
statistical significance, but no breakthroughs.

So that if the purpose is to design a
programto predict whether a new ant hrax vacci ne
wi || work conposed of PA, what you want to do is
make a reliable nmeasure of how nuch PA anti body
t hat vacci ne nmakes, presunmably after a full course
of inmuni zation and a defined period. Aninma
nodel s may be inportant for therapy, but if you
have t he di sease, you haven't got a vaccine. The
vaccine is designed to prevent the disease. It
prevents it by serum antibody. |s anyone here
advocati ng having a new vacci ne for anthrax that
doesn't make at |east as nuch antibody as AVA?

DR FRIEDLANDER. Well, I'mnot quite sure
of the point you' re nmaking, John. dJdearly,

anti body is the mechani smof protection. How
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exactly it works I think remains to be determ ned.
There's evidence that, in fact, it does not prevent
i nfection but that the organismreplicates upon
chal l enge in an experinental animal. It does not,
t herefore, prevent uptake, nor does it prevent
outgrowt h. The--

DR ROBBINS: It prevents anthrax.

DR FRIEDLANDER. It prevents the di sease

right. And this is limted data. That's all. So,
yeah, | certainly agree that antibody is the way to
go. | have no illusions whatsoever that you will

ever |icense a vaccine that induces an inferior
nmean response to that which occurs with the current
i censed product.

DR MINNES: Good. Two other pieces that
cane fromthis discussion, before we nove on--I
will get to you--is the clear understanding that we
do need to know nore about pathogenesis, but not at
t he expense of waiting to push the vacci ne, because
that is an urgent need right now, and perhaps to
try to characterize--finish the studies
characteri zing cynonol ogous to allow for additiona
access to primates which will be needed for sone of
t hese studi es.

Yes, one nore comrent; then we'll nove to
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t he next question.

MR, : Well, if antibody does
not prevent at least the initial phase of in vivo
replication of the organism then obviously it is
protecting the organismor certain parts of it to
the extent that the i mmune system either innate or
specific in amount of response. So have there been
any studi es of passively i munized ani nals who are
chal | enged in the presence of specific immune
lesions if you have a macrophage- depl et ed ani nal
if you have an aninmal with anti-TNF, to focus in on
what i nmmune mechani sns are allowed to clear
infection if they' re preserved | ong enough by
i mmune status or by antibody to cone into function?

DR. Ml NNES: Does anybody fromthe pane
wi sh to comment ?

DR. FRI EDLANDER. No such experinment has
been done other than for in an intoxication node
where there was an experinment done with depletion
of macrophages. But no such experinents have been
done. | suspect they'll be com ng on down the
r oad.

DR McINNES: Dr. Gotschlich?

DR QGOISCHLICH | actually would like to

go back to the question that Dr. Robbins raised and
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actually for once respectfully disagree with him

I do not think that the standard for the
future vaccine is the anount of anti-PA anti body
that the current AVA vaccine produces. It is
really actually astronomcal. And in people--there
is no other vaccine in which we produce over a
mlligram of antibody.

I think that the future of the PA vaccine
wWill rest in figuring out what actual anounts of
anti bodies are required and trying to achieve this
rather than trying to achi eve what the AVA
currently does.

DR MINNES: Yes, ma'an?

M5. W MER- MACKIN:  Yes, Susan W ner-Mackin
wi th Li goCyte Pharnmaceuticals. I'mfairly newto
the field, so | certainly don't know everything
about this. But it's always seened strange to ne
that all the protection has been correlated with
nmerely survival of the disease. Cbviously, in
humans that's not necessarily going to be
accept abl e and maybe comments on--should we be
| ooking at norbidity in these ani nal s?

DR FRI EDLANDER  Poi nt number one is
survival. Nunmber two is the ability to turn the

television on. And | don't mean to be--
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[ Laughter.]

DR FRIEDLANDER | don't mean to be
superficial about that. | nean, we're talking
about a disease that otherwise is invariably fata
if untreated and unrecognized. So | don't--the
answer to your question is yes, certainly. They're
very difficult experinents to do. The experinents
were not--the experinments that we've done to date
other than for the last series were not really
designed to address that question specifically.

We do know that the animals in
general --you know, they were not noribund. They
were not lying in their cages. But they were not
designed to neasure the physical and psychol ogi ca
activity of the animals. They could so be
designed. But | think our first step is to show
that we've got--in any new vacci ne that we've got
significant survival, certainly. |If we can get
there, then | think we're well on our way.

DR MINNES: Yes, Erik?

DR HEW.ETT: Let ne nmake one final point.
I want to echo CGeorge Siber's conplinent to Dr.
Quinn and his colleagues in the study that they
have designed. | think this particular question is

going to be very well served by the results from
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that very el aborate trial in terns of the
rel ationships for correlation and a | ot of the
nmechani sns al ong t he way.

DR MINNES: Al right. Thank you.
We're going to nove to the second question, which
has five subparts to it. So, noving right along,
what types of studies will be needed to identify
correlates of protection and to validate a
surrogate marker of protection for anthrax vacci nes
in humans? And correl ates about which we are very
certain.

Commrent on the need for active and/or
passi ve i muni zation studies in animals and how
such studies m ght be designed.

Now, today we heard several tal ks that
tal ked about the role of active immunization and
passi ve i muni zation studies, relationships of
human studies to animal studies, and the specific
design | don't think we had nmuch detail about, but
I wondered if the panel would like to coment on
first of all, the need for these studies, the
rel evance, and what they mght contribute, and
whet her you had any insights on design issues that
m ght be taken into consideration.

DR QGOISCHLICH | think that actually the
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passi ve i muni zati on studi es have not received

proper discussion this afternoon except by Drusilla

Bur ns hersel

f.

And, essentially, everything that

I"mgoing to say really repeats what she said, but

in slightly different words.

thi nk a passive inmuni zati on study has

the great virtue of making absolutely certain that

what you're doing is you' re using human anti body

wi t hout any conplications, wthout any

i mmunol ogi ca
ant i body t ha

pr ot ecti on.

t

menory, and determ ning the anount of

is required to produce the

It may very well be, as she pointed out, a

hi gher | evel

i nmuni zati on status,

t he point.

than you nay see in an active

The poi nt

that you need to know.

nunber of reasons.

but that isn't really quite

isit will give you a |leve

You need to know it for a

You need to know it, first of

all, because you want to know it as an upper limt.

You need to know it also very nuch for the

chal | enge of how to dea

vacci nati on,

ant i body at

W t h post-exposure

because you need to know how ruch

| east has to be there before you can

renove the antibiotics.

So

think it

really does require a higher
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priority than it has received this afternoon

DR, HEW.ETT: | think the issue of passive
i muni zation also is very inportant, and | wonder
about--1 agree with George, the issue of possible
chal | enge of animals with human serum Drusilla
mentioned in her criteria again evaluation of the
quality of the antibody response. And | was trying
to think what that neans other than neutralization
per unit of antibody, per unit of ELISA anti body.
But the other way that quality can be evaluated is
exactly in the in vivo setting.

I know Ceorge has experience with passive
i mmuni zation in pertussis studies in the past, and
I wondered whether in that context you ever used
the hunan sera that were being given to humans in
animal s to see whether--what the effect was. You
m ght commrent on that.

DR SIBER Yes, Erik's referring to
studies with a pertussis i munogl obulin which we
i nvestigated, and, yes, they were extensively
| ooked at in the aerosol chall enge nodel of nice
and shown to produce protection in that, and that
published, | think, in & . And that's very
useful .

Maybe | can nake a conment on the question
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al so, which is | guess the active experinents--and
Loui se Pitt showed us very el egant exanpl es of how
they can be used in an aerosol challenge nodel to
establish what levels are associated with
protection and what |evels are not, and perhaps
sorme internediate levels. So you generate the kind
of curves, the S-shaped curves of antibody | evel
versus protection.

It would seemto nme that the prine purpose
of this whole experinent as we're tal king about is
to establish levels that we can extend to humans,
and | think the first step is to get 1gG class
ant i body concentrations in macaques from active
i mmuni zation that are associated with protection
and Coxson neutralization titers or concentrations
associated with protection, and look at later to
dose of the challenge to do that.

Then the trick is how do you draw the |ink
to humans who are being i mmuni zed with the sane
vaccine, and | believe that's where we absol utely
have to do the passive experinent, to take the
human anti body, put it into nacaques, and see if
t he amount the rmacaques need of human circul ating
antibody is hopefully simlar or identical--nmake it

sinple--as their own. If it is, | think you then
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have a very strong link to conclude that humans
wi th that anmount of anti body woul d al so be
pr ot ect ed.

I think that the other things that are
bei ng done are very interesting scientifically,
like affinity measurenments in support of neut(?)
activity or subclass or class and so forth and
we'll learn alot. But | think they are secondary
pl ayers to the prinmary ones of neut(?) titers in
I gG

The reason | feel strongly about 1gGis
that ultimately a | ot of work has to be done, and
think in general it's easier for different labs to
reproduce an 1gG ELISA than it is a functiona
assay, although | nust say the CDC data on
variability of their neut(?) is incredible. It
knocks your socks off if they're that precise. But
| don't think every lab can do that.

DR. MINNES: VYes, Art?

DR FRI EDLANDER: There are a coupl e of
points | guess |I'd mnake.

One, | alluded to this before, and that
is, | think we have--we're very fortunate to have a
functional assay, and the way we've | ooked at this

is--or one of the ways we've | ooked at this is, at

224
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least in vitro, we don't think that the FC
receptor--FC portion of the inmmunogl obulin nol ecul e
has anything to do with the toxin neutralization

What that does is it allows you to conpare
across species the functionality of the
i mmunogl obul i n, which ot herw se is al nost
i mpossi ble to do, one, because of primate--and
don't know what the current status is, but it's
still probably not very good in terns of
i mmunogl obul i n cl asses. That's sonethi ng sonebody
ought to find sonebody to do. And then what does
that mean in terns of total 1gG of whatever
isotope, in a rabbit, in a cyno, in a nacaque, in a
human, in a nouse?

So what we've sort of tried to establish
over the years is a functional ratio between toxin
neutralization and quantitative 1gG for exanple,
or whatever class. But it's the functional assay.

So what the approach, | think, is
potentially nost useful--and we don't know the
answer to this yet--is how does an equi val ent
toxin-neutralizing antibody |evel from human
nmacaque, rabbit, nouse, guinea pig function in a
gi ven species of animal, in a passive protection

nodel
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If they function at an equival ent |evel,
that is, ten toxin-neutralizing units of hunman
rabbit, guinea pig, functions in a guinea pig the
same way, or a rabbit, whatever, or a nouse, then
that says a couple of things. It says the FC
portion has nothing to do with how it's working,
which tells you sonething about how it's working
because if it's opsonic, it nmay well be working
that way. And, two, it gives you now a direct path
to humans to take human toxin-neutralizing antibody
and show that it functionally in a second ani ma
wor ks the same way as a prinate.

Now you can do this passive protection
study and say | get a certain |evel of antibody and
it protects against X nunber of spores. |[If you can
denonstrate cross-speci es equival ence, then | think
you' re hone free.

DR McINNES: Comments fromthe floor on
this point about the need for active and/or passive
i mmuni zation studies in aninmals and any thoughts on
how t hey m ght be desi gned?

DR FRI EDLANDER. One other thing I wanted
to say, and I'd be interested to hear what other
peopl e say, too. This business about active--the

equi val ent protection you get using active versus
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passi ve i muni zati on, once you establish what | evel
of circulating antibody protects agai nst a given
chal | enge by active imunization, if that's
equi val ent to what you see with passive
i muni zation, that says one thing. |If it's not
equivalent, it says quite another thing. And there
i s some anecdotal evidence, anecdotal in the sense
that some primtes were protected when we could
just about barely neasure any anti body, and at
| evel s that you would think would not protect at
all.

DR McINNES: In an active inmunization

DR FRI EDLANDER: Yes, in an
active--animals were protected actively who had
circulating antibody levels that were just barely
protective, which suggests again, as soneone
poi nted out--and that's what we've al ways sort of
t hought, is that the anammestic response--this is
an acute infection, but, still, that the anamestic
response contributes to sone of the imunity. And
that raises, again, the question | think Em| was
nmentioning, or inplied perhaps, is that the | evel
that you see with passive protection--and you don't
know that until you do the experinent, but the

| evel that you see with passive protection may be
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And so that opens the question as to how
do you approach that, and | think the first thing
is to do the experinments and see whet her--what the
relationship is between | evels conferred by active
vVer sus passive protection.

DR MINNES: Al right. Thank you.

Yes, please?

MR, KENNEY: Rick Kenney with [QVAI. |
appreciate the utility of the qualitative nature
and conparison with the passive protection
experinments. |'ve done a lot of this type of
experinments in nonkeys and have | ooked at the
different nodels with other systens. But | get
troubl ed when we start tal king about quantitative
conpari sons because the cross-species differences
and t he pat hophysiol ogy may be fairly inportant,
and | was wondering if the panel could conment on
that. The way--the different way that the nonkeys
will respond to a toxin challenge or to a spore
chal l enge may be quite different in a quantitative
sense than the way that the humans wll.

DR MINNES: We'll see if sonething
energes on that point.

Pl ease go ahead.
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MR ADAMOVI CZ:  Yes, Jeff Adanovicz from
USAMRI I D. M/ question was related and, in fact,
what | wanted to do was get Dr. Friedlander to
expand on his comments related to the passive
anti body studies, specifically in light of, say,
the assunption that perhaps PA is sonehow
associated with the spore and that, for instance,
anti-PA antibody is inmportant in clearing the
spore, not necessarily in preventing intoxication

In that case, you could imagi ne that the
FC portion would be inportant, and then, in fact,
you woul d assune, you would have to be very carefu
in the ani mal nodel that you chose to do these
passi ve studies principally for the reasons that
were just nentioned, the differences in the
pat hophysi ol ogy.

Can you address that?

DR FRIEDLANDER: | think you have to do
t he experinment and ask that question, and, two, you
could conpare--there's be two fragnments, for

exanpl e, to the intact imunoglobulin, and that

will, in fact, help understand how the antibody is
protective. | nean, if it functions
equivalently--1 nmean, if it were just toxin
neutralization--well, I'mnot so sure that the FC

229
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portion mght not have anything to do with it. It
mght. Still, but it mght help understand exactly
how t he anti body's wor ki ng.

I mean, | think the conpelling thought is
it's working by neutralizing the toxin. But it's
also inportant, | think, to do that, to ask the
question--as | said before, to try to answer the
question as to the species functionality. Because
if it's the case that they're equivalent, it makes
it, I think, a nuch nore conpelling argunent than
to be able to neasure antibody in humans and be
nore confident that what you' re nmeasuring is
predi ctive of protection, because you're using this
i n another species. It's a heterol ogous system
still. And there may be subtle differences even
t hough they both protect, nonkey serum and rabbit
serum protect in a guinea pig or a rabbit, it
still--there still nmay be subtle differences. And
it would be nuch--it would be nice if it turned out
not to be the case, that they were equiv--the sane
| evel of protective in a rabbit, whether it was
rabbit, human, guinea pig, gave equival ent
protection.

DR SIBER On that sanme point, | think we

shoul dn't expect too nmuch of these correlates in
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terns of their levels of precision, i.e., plus or
mnus twofold. | think that's just--we don't have
data at that level. And the fact of the matter is

that even with anti body systens where we do require
FC function, the ani nal experinents of protective
| evel s often cone out--the passive ones--rather
simlar to what we estimate as human protective
| evel s. The exanple I'mthinking of Henophil us
Type B where Dr. Robbins estinmated, and Dr.
Schneerson, a |level of 0.15 mcrogramas being the
anount of passive antibody that's necessary in
ganmmagl obul i nem ¢ children to protect them from
HB. And in the infant rat experinents, when we
used hunman anti bodies to protect them obviously
we're requiring FC function for bactericida
activity. W canme up with essentially the sane
val ue.

| think it's going to turn out somewhat
simlar for pneunp where we're within two- to
four-fold in ani mal passive protection and hunans.
So | think it's--there is FC function. |'msure
there's conplexities and subtle differences, but it
may be cl ose enough for what we're trying to
achi eve.

DR MINNES: Yes, sir?
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MR, . Perhaps one possibility
for addressing the question is to finish the answer
to this part (b), part (c)--part (a), excuse ne, is
how woul d t he studies be desi gned, and perhaps
Ceorge has al ready done these, so perhaps could
speak to it. Do you challenge the aninmal and then
add the serumto them in other words, to shorten
the tine frame for an i mMmmune response to the
antibodies? O is it something that you give to
the animal first and then--

DR SIBER You're asking the passive
i muni zation study?

MR :  Yes, yes.

DR SIBER Wll, just off the top of ny
head, w thout having given it a lot of thought,
guess i f you had enough plasma or inmunogl obulin
purified fromthe donors--or fromthe subjects who
were actively i muni zed, what you would like to do
is achieve in macaques | evels of antibody around
what you expect, have already estinmated as the
protective |level by neutralization with the human
serum and ask whether you see a simlar protection
on a challenge, let's say, a day later. You don't
want to have a long interval between passive

i mmuni zation and a chal |l enge for a nunber of
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reasons. One is that antibody will start to wane,
and al so because if there is an i nmune response to
that anti body, you will start to see accel erated
decay, typically after about a week in passive
experinments. So you want to do the chall enge
fairly shortly after the passive i munization

MR, . Wiy wouldn't it be the
ot her way around? Because in the clinic, the
person that's been exposed to the bacteria has been
exposed to the bacteria for a nunber of hours or
days, and you're going to--

DR McINNES: So you're tal king about a
post - exposur e scenari o.

MR, . But isn't that something
that's the end result of this, is to have a therapy
like that? So you're just tal king about potency
t hen?

DR. SIBER Right.

MR, . Well, then, why not say
invitro? Wat is wong with the quantitation that
you would gain froman in vitro assay that's
different fromwhat you would do in vivo? Wy
woul dn't the quantitation in an in vitro assay be
much nmore successful --

DR SIBER Wl I, that's what your neut
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already is. Your neut is already an in vitro
conpari son of neutralizing activity of the toxin in
vitro. And | think what we're asking for is
something a little bit nore closer to the real-life
situation of what's going on in vivo. And
obvi ously we chose nonkey because of the reason
t hat was suggested from sonmeone up there, that how
do you know that the hosts are sinmilar and don't
have different sensitivities to the toxin. Well,
the best we can do on that is to pick sonething
that's physiologically as close as we know.

MR, . But you are introducing
t he i mune response of that animal to the whol e
neutralization of that antibody, and that
conplicates the quantitation, |I would think, from
ani mal to ani nmal

DR SIBER Not in the space of the
experinent--of a passive experinent. It shouldn't
|ast nore than a few days. There won't be an
i mMmune response to the foreign antibody in that
time.

MR, . You give the organi sm
enough tine to actually nmount an infection, or are
you just killing it so fast that it's really not a

good test?
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MR : You want to kill it
i medi at el y.

MR : But is that a fair test
of the antibody response.

MR, : If you don't kill it
i medi ately, you get anthrax. You're not testing
i mMmune response. You're testing the |evel of
anti body that can kill [inaudible].

MR, 1 think we're very
focused on only one linb of the inmne response,

t he anti body, because for years we've had good
tools to neasure antibody. |If you | ook at
Listeria, tularem a, other infections which start
as infections within macrophages, if you prinme an
animal --at |east a nouse with BCG and activate

macr ophages via the TH1L nmechani sns, they clear that
i nfection with no anti body.

I"mjust curious whether in the case of
anthrax it's been investigated whether in vitro
ganmma i nterferon prinme nmacrophage can contro
rather than be pernissive for the replication of
t he organism or whether potentially CPGs or gama
interferon or BCG can stop the replication by
t aki ng advantage of the THl cytokines in activating

nmacr ophages.
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I"mnot sure that the protection that Dr.
Pitt shows after anti body | evels have waned, when
she did her challenges, is purely an anammestic
response. It may also be a reflection that a THL
response can activate macrophages and cl ear the
infection at a very early phase.
DR FRIEDLANDER | think we don't know
the answer to that conpletely. | would say this is

an al um num adj uvant that provides protection at

two years. | don't think there is--and other
peopl e can address this question here. Again, |I'm
not an immnologist. It does not induce a good THL

response. You do not protect agai nst tubercul osis
or Listeria with an alum num adjuvant. That in
itself, in addition to the passive protection, |
think argues to ny m nd--and pl ease stand up and
punch holes in it--that this is an

ant i body- nedi at ed vacci ne.

MR, . That could be why the MPL
adj uvant provi des perhaps better protection in sone
cases, by--

DR FRIEDLANDER. 1'm not saying that you
couldn't generate--the other thing about MPL is it
i nduces an extraordi nary anti body response. An

extraordi nary anti body response above what al uni num
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hydr oxi de does.

But in reference to non-specific
stinmulants, there are people there who have been
studying CPG  As you well know, BCG and about
everything el se you can put in, including al bunn,
can protect against not just facultative
i ntracel lul ar organi sns but agai nst extracel |l ul ar
organisns. So that in itself is not evidence if
you get protection with other non-specific
stinul ants.

But there is an experinment that has been
done with CPG

DR. McINNES: |'mgoing to nove on to the
second question, which is to comment on how
correl ates of protection derived from ani na
studies mght be translated into a surrogate narker
of protection in humans. |It's ny inpression that
we've actually really covered this. Does the pane
agree? Are there any other points you would |ike
to raise on point (b)? EmI|?

DR. GOTSCHLI CH:  No.

DR McINNES: Ckay.

[ Laughter.]

DR MINNES: | will nove to the floor.

Any participants who feel they--yes, please?
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VS. . [inaudible].

DR M NNES: The nicrophone.

VS. | amvery newto this
field, but I ama mcrobiologist, and I wonder if
the panel or the CDC group and ot her know edgeabl e
peopl e in the audience could respond to the--it's
not comng through? Can you hear nme now?--to the
i ssue of the defined inoculum So what |'m hearing
is alot of very good scientists proposing ani ma
studi es where the inoculumin terns of the nunber
of spores that are delivered in these ani nal nodel s
is frightfully well designed in terns of the nunber
of LD50 units. And we're tal king now about
correlating these animal studies and their
i mmunol ogi cal paraneters to protection in hunmans
where we're envisaging in a worst-case scenario a
bioterrorist event.

I"mjust wondering if people have
contenpl ated that the dosage that needs to be given
in these animal studies has got to correlate to the
wi de variety of spores that m ght be encountered
actually in a bioterrorist outbreak. Again, ten
LD50 units sounds like a lot, but has soneone
t hought about the nunber--and, again, this harkens

back to the dreadful discussions that have gone on
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in the newspapers about the terrible failure to
predict, in fact, susceptibility to the disease,
the statenents, again, that it would take 8,000
spores and that people--

DR QGOISCHLICH |'m happy to see that you
have noved on to point (c) because perhaps that way
I can catch ny 6 o' clock Metroliner

[ Laughter.]

DR QGOTSCHLICH. | think the issue of the
spore--of the challenge or the dose that should be
used for challenge is a very, very inportant one.
But | think the issue there is one that actually I
don't know very much about, but that our mlitary
col | eagues and peopl e who have concerned t hensel ves
with this issue on a |arge--for nmany years shoul d
really respond to.

VWhat is the likely exposure in a mlitary
situation? | think that for us to aimat the
extremel y unusual circunstance that occurred
recently in the bioterrorist attack as the nost
i kely, nost probable challenge, and the kind of
thing that we need to be able to design a vaccine
to prevent nmay be trying to shoot too high. |
woul d think that it would be useful to know what

the mlitary thinks in terms of what the usua
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chal l enge is that they m ght encounter

DR FRI EDLANDER. There is a
docunent - - Col onel Danley, is there not?

COLONEL DANLEY: Yes, sir.

[ Laughter.]

DR HEWETT: | would like to add to that
question, see if we can get any further along with
this. It seenms to ne in the studies that were
di scussed, we were somewhere in the vicinity of 200
LD50s. | recall nunbers above and bel ow that. And
I wonder if in the setting of the aninmal chall enge
studies in which there was a | evel of protection
that was effective against that nunmber of LD50s,
what happens if you double that or triple that? |Is
there a relationship between the | evel of inmune
response that has been elicited and the |evel of
chal | enge organi sm agai nst which there is
protection?

DR McINNES: Good point. Anyone wish to
comrent on that?

DR FRIEDLANDER. That is a good point.
There was--there have not been very many studies
done to answer that question. There was a study
done in the guinea pig by sonebody sitting in the

audi ence that |ooked at--this is in the guinea pig
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nodel, which is alittle different, but it wasn't a

strict linear, so there was a vaccine

i noculation--if | get this wong--Bruce,

do you

want to address this? | think it was 10, 100,

1,000 LD50s, and the differences were not that

dramatic. It was easier to protect against

10--Bruce, fill in the nunbers.

MR IVINS: Bruce lvins,

USAMRI I D.  Yes,

think that probably the guinea pig isn't the

better--isn't the best nodel, but

i n the nonkeys we

found that, you know, if you're protected at 100

LD50s, you're protected at 1,000 LD50s,

t oo, and

it's not that, you know, there's sonme signoi da

curve, and that protection is protection

And you

either are or you aren't protected, and so it's

not, well, if you're, you know, 100 or 200,

you know, you're only half as protected,

so forth.

So | think we usually

use, oh,

t hen,

or 400 and

approxi mately in studi es now about 100 LD50s, and

it would be ny supposition that

know, 90 to 100 percent protecti

if we get,

on with a

you

particular vaccine in a rabbit or a nacaque, 100

LD50 chal l enge dose, we'd probably get virtually

the sane thing with 1,000 LD50s,

t 0o.
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So in the guinea pig, we see some drop-off
in protection as challenge goes up. | don't think
we're going to see that with the macaques because
two years, as Dr. Friedlander said, two years,

1, 000 LD50s, animals which have been--nmacaques

whi ch have been given doses of vaccine at zero and
two weeks, seven out of eight were conpletely

pr ot ect ed.

DR QOTSCHLI CH:  Coul d I nake anot her
comment, pl ease?

DR Ml NNES:. Yes, please.

DR QGOISCHLICH | was very pleased to
hear that Col onel Danl ey does know what the nost
likely challenge dose is that we need to know in
order to design a vaccine for protection of the
mlitary. And | would be very happy for himto
contribute this know edge to us and tell us what it
i s because, otherwise, we really can't design a
mlitary vaccine.

COLONEL DANLEY: You're going to put nme on
t he spot, huh?

DR. GOTSCHLICH R ght.

COLONEL DANLEY: Well, in light of what's
happened with the bioterrorist threat--and | don't

know much about the characteristics of the anthrax
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that were in the letters except what | read in the
newspaper--1'mgetting the feeling that sonmeone has
di scovered a way to nake anthrax less |ike an
i nfecti ous di sease and nore |ike a toxic chem cal
which is to say sonething that's easily dispersed
that exposure is a rate tinmes tine or a dose tines
ti me phenonenon, which nmeans that given in a
building, if you're there for eight hours a day and
you have a small anount of organisns in the air,
and you get exposed to 1,000 LD50s, is that the
same as getting 1,000 LD50s in one fell swoop?

Now, in listening to the nature of the
di scussi ons about immunity or protection agai nst
anthrax, |I'mkind of rem nded of chem cal warfare
agents. And right now we had--there were sone
studi es that defined the LD50 for nerve gas, and
t hi nk John Wade's here in the room who did
excellent work in that area. W're going back and
rel ooking at that nunber, and we're rel ooking at
t hat nunber because, it turns out, if you get
exposed to snall anounts of nerve agent over a
| onger period of tinme, it's not the same as getting
exposed to a bolus of agent.

So | can give you a nunber, if | could

renenber it, on which to protect--800 LD50s,



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

something like that. But does that really nean the
same if you're getting it in one big bolus versus
somet hi ng over an eight-hour period of tinme where
you body has a chance to clear the organisns? |
don't know. And we are doing studies al ong that
line in infectious diseases, like we are in the
defense side. So I'mnot sure that a single nunber
is going to give you the answer you want.

Now, quite frankly, | look at vaccines as
a part of a system and we will vaccinate our
forces to give theman optinal |evel of protection
| firmy believe that if our forces are exposed to
anthrax, they will be put on antibiotics to give
them addi ti onal protection, because it's not a
feet-up and feet-down situation when you're dealing
with our forces. |In fact, chronically il
individuals are a greater drain on the resources
that we have than individuals who die.

So it's a very conplicated i ssue, and not
one that I"'mreally know edgeabl e enough to speak
to, because right now in the Departnent of Defense
we're | ooking at that issue of what does it nean to
be hit with a biological attack, and what does it
mean in terns of our ability to function in a

t heat er of operation.
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Does that hel p?

DR McINNES: Yes. Thank you very nuch
for sharing that. | think it has raised the issue
then of a continuous exposure over a |onger period
of time than perhaps we had heretofore thought
about in challenge situations, and that really does
bring another facet to the thinking.

Anyone wi sh to comment? Yes?

DR, HEW.ETT: bviously, I"'mnot an
anthrax expert at all. | conme to this, as do nany
of --sone of the other people in the room fromthe
field of working on pertussis, in which the
circunmstances are rather the opposite of what we're
dealing with here. There is pertussis in the
popul ation, and it's easier to do sone of the
studi es on humans in the popul ation that are
getting pertussis and |look at protection than it is
in ani mal systens because there aren't any very
good ones for the study of--that's anal ogous to the
di sease process.

In thinking through the circunstances that
we' re facing here of the Brachman study in which
there weren't quite enough cases to tell for sure
about the protection with this vaccine and the

circunstances that we're facing at the present
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time, | don't want to be presunptuous because
know in terns of preparedness that many of you have
al ready thought of this; but in thinking about the
pertussi s anti body decay curves and sone of the
data we've been | ooking at today, obviously there
are nmany--the nenbers of the mlitary are getting
ant hrax vaccine. They're getting boosted
conti nuously, and probably you have al ready
generated a popul ati on anti body decay curve so that
you can--if the unfortunate circunstance occurs in
which there is a challenge like this, you will be
able to tell sonmething in retrospect even about the
prot ectedness, the ability of this vaccine to
protect sinply by looking at those data and getting
an estimate of what it is that has been--the |evel
of chal Il enge that has occurred.

DR. McINNES: Dr. Robbins?

DR ROBBINS: Wen Dr. G ady worked on
AVA, they did experinments in cattle and anot her
ani mal species where they tried to neasure how | ong
t he vacci ne-i nduced protection would last. And I'm
getting a little old now, but it's start wani ng
after two years, quite reliably. | think after two
and a half years it goes down to very low | evels.

I think the animals were given four injections of
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The reason | have been thinking about this
is what Emil said. It is surprising how nuch
anti body this vacci ne nakes conpared to the others.
If you take a | ook at mice who were injected with
just a tenth of a hunman dose of--a conparabl e human
dose of PA, they had precipitating antibody in
their serum And, in fact, antibodies to PA were
detected as recent as 20 years ago by just doing
i mmuno-di f fusi on anal ysis because it precipitated
so easily.

I don't knowif we have any data on humans
that were vaccinated and then were kept in contact
wi th anthrax through their occupation or perhaps
working in areas where there's action to find out
how | ong after vaccination that antibody | evel
remai ned protective. Really, all we could say is
t hat where peopl e were exposed and were vacci nat ed,
t hey never got di sease. W know it works. The
ani mal s woul d suggest that when the | evels go down
that perhaps the antibody is no |onger at a
sufficient level to protect.

If you--1 don't like to ook at the
di sease because ny point is if you have a di sease,

you haven't got a vaccine. But it is remarkable
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how nmuch bacteria and how nuch antigen there are in
pati ents who are sick. Renmarkable. | nean, you
can al nost use pleural fluid as a source of antigen
for maki ng a vaccine. That's how nuch is there

I think we may need a | ot of antibody for
this pathogen, and this pathogen is really not |ike
any ot her pathogen that invades us, nmaybe with the
exception of tetanus. It infects anything. It
infects all mammals. It infects even sone--

DR FRI EDLANDER: \Well, there are others
that infect--

DR ROBBINS: But nostly--nothing--1 mean
nmeni ngococcus only infects humans.

DR FRIEDLANDER. This is a zoonotic
di sease. The other zoonotic diseases also infect a
w de spectrum of - -

DR ROBBINS: But in humans, hunan

pat hogens.
DR FRI EDLANDER:  Tul arem a, brucell a.
DR. McINNES: W're going to nove on--
DR SIBER Pam nmay | just say one other
t hi ng?

DR MI NNES: Yes.
DR SIBER As a practical matter to take

away, | just wonder whether it would--it doesn't
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make a | ot of sense to use the kind of nodel that
CDC is using in the current evaluation, the nmacaque
nodel , and do a careful dose-ranging study with a
qui ck exposure, and even go as high as the |evels
that Em| says we may not be able to protect again,
i ke what you might get fromsniffing an envel ope,
just to understand what the dose response curve
| ooks like. And you may find it's quite flat, as
you were suggesting, Art, and then you would take a
| ot of assurance away fromthat that you' ve
protected agai nst a very wi de range of doses.

Agai n, experinentally, we can express the
i ssue of a single nassive exposure versus a
conti nuous ongoi ng expose i n the nacaque node
al so, and that would be nice to know. But those
are side experinents to conplenent the information
that's comng fromthat experinent

DR FRI EDLANDER: Just one point, and
maybe it didn't conme across in sone of the
presentations. This vaccine is protective agai nst
probably 1,000 LD50s in two doses. That's a ful
human dose

DR McINNES: Moving on to point nunber
four, what additional studies night be needed to

denonstrate efficacy in a post-exposure scenario
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Versus a pre-exposure scenari 0? So pre-exposure
bei ng a proposed prophylactic reginen as is used in
the mlitary and m ght be used for sone high-risk
popul ati ons, for exanple, postal workers, versus a
post - exposur e scenari o where exposure to organi smns,
presunably placed on antibiotic therapy, what do we
want to know about use of the vaccine in that
scenario in order for you to withdraw the
antibiotic therapy? So | nove to the panel for
some thoughts about pre-exposure versus
post - exposure and what source of |evels of conflict
we night want to know about the behavior of the
vaccine in both of those.

DR FRIEDLANDER: | don't mean to dom nate
this, but I'mthe only one who's worked w th
anthrax, right? You never cultured the organi snf
| have, Bruce, right. Ckay.

[ Laughter.]

DR FRIEDLANDER. This is also on the
tabl e now and bei ng di scussed, and that creates,
think, a different set of circunmstances. The
i ssues there are slightly different, related but
slightly different. You' re talking here about
trying to--1 would assumne--devel op an i mmune

response as rapidly as you could. This zero-four
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regi men then may be off the table? It's something
you need to--that needs to be--with the current
vaccine or one simlar toit.

ovi ously, the design of that experinent
needs to be fleshed out, but it would be asking the
questi on how | ong do you have to be on antibiotics
after you've been i muni zed in a post-exposure
node. And there is sonme historical data to suggest
that period nmay be quite short. But that also is a
function of the inoculum very much so there. So
think that's one of the paraneters that needs to be
put on the table. Rapidity of onset is now
probably the prinme factor in such a design of a
vacci ne, and, you know, there are various ways of
t hi nki ng about designing the experinent.

DR, HEW.ETT: You're tal king about active
i muni zation, but it seens to nme if you believe the
magni t ude--the contribution of toxin to this
di sease process, there should be at |east sone
consi derati on given to passive imunization. Were
does that stand in this whol e thing?

DR FRIEDLANDER. Again, | think that's
been alluded to. There's a program underway to
develop an I V/IG using the inmuni zed service

menbers to develop a product and evaluate it and so
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on.

There are two scenari os, therapeutic
scenari os post-exposure, one that--or three, |
guess, that active/passive inmunization plus
anti biotics--think about that one, but for
sure--and versus active antibiotic versus passive
antibiotic, and so on and so forth.

DR McINNES: Any conments fromthe floor?
Yes, please?

DR BABCOCK: |'m Janiine Babcock from
WRAIR. I n Decenber, |I had the pleasure of being
invited to the CDC to participate in a coll oquium
and | was part of the post-exposure prophylaxis
group. And several of the physicians who were
there--well, our task was to propose what studies
we felt needed to be a national priority, and our
group was supposed to work on post-exposure
prophylaxis. And at that tine we outlined a
basically fairly extensive five-arm ani nal study
t hat addressed the concern that the physicians in
this group had about the persistence of viable
spores beyond the 30-day or the 60-day w ndow t hat
antibiotics were being proposed at that tinme. And
at that tinme the question was were we going to

of fer vaccine to the postal workers and the people
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We nocked out, | think, a very good set of
st udi es where basically nonkeys were going to
be--woul d be chall enged. They would be started on
a vacci ne reginen. They would al so be given
antibiotic doses. W proposed different LD50
| evel s to change the anmount of spores. And then we
proposed that the nonkeys be sacrificed at various
times out, because |I think there are a few studies
where even out to 100 days, | think, in one anina
t here have been vi abl e spores found, but the ani na
was fine and was well at the time of euthanasia and
necr opsy, but nobody really knows.

We do know t hat the spores can stay
dormant. W don't know-they certainly don't
synchroni ze when they germ nate, and we have no
i dea how far that goes out and what is the
pat hol ogi ¢ significance post-exposure.

Unfortunately, this plan was put aside
because it was felt to be inpractical because there
are no nonkeys to do the study. And it was
di scarded as not feasible or possible.

DR. McINNES: Dr. Robbins?

DR ROBBINS: | realize that the

Depart ment of Defense has an inportant central role
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have babi es, young children, and they're not being
nmenti oned, and the problens that they pose.

think in consideration of future studies of

vacci nes, attention should be drawn to that.

DR BABCOCK: |I'malso a pediatrician, as
was the other physician in nmy panel, and we al so
drew up proposed pediatric studies with a nodified
dose and a regi nen, and those have been proposed
through the CDC, and | believe they're going to be
funded through NIH and hopeful ly actually m ght
wor k through the ant hrax vacci ne research program

DR. McINNES: Thank you very much

Any ot her coments? Yes?

DR SIBER |I'mstill confused about the
i ssue of whether anammestic response is likely to
be inportant so that one can interpret the wani ng
imunity levels that | guess are seen with this
ant i body.

Art Friedl ander mentioned data from
Sverdl ovsk where the nmean tine to presentation, as
I remenber, in humans was 16 days. And then
there's another piece of data we heard fromthe
clinical reviewthat the mean tinme from

presentation to death in humans is 4.7 days, as |
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remenber .

Now, do we know whether in Sverdl ovsk that
16-day period was all post-exposure, or were there
ongoi ng exposures? Was there incubation going on?
Were there events going on where a | ow | evel of
anti body m ght have basically inhibited the
process? Do we know anythi ng about that?

DR FRIEDLANDER. 1'm gl ad you asked t hat
question. I'Il answer quickly so Em| can go

[ Laughter.]

DR FRIEDLANDER. Ch, he's already m ssed
the train? Al right. Now I'Il relax.

A l ot has been said about Sverdl ovsk, but
unl ess sonebody's got information that we don't
have, | think you can disregard a good part of
that. First of all, these people lied to us for
ten years. Secondly, there's no data in that
report. There's no data that's believable. W
don't know whet her they got antibiotics. W don't
know whet her they got anaserm (ph), at what tine.
There were little hints that they did at sone point
intime. The details are just not there.

This idea that there is a prol onged
i ncubation period | think is suspect--except under

the circunstance in which intervention has
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occurred; that is to say--and we don't have a | ot
of data--except for one statenment in a conment to a
published article--not in the article. The only
evi dence of prolonged incubation period in
i nhal ati onal anthrax is with aninals that have been
treated with antibiotics. In our--that is, to
suppress the spores that are going to germnate in
the first week, whatever it is.

There's one statenment of an incubation
peri od of 98 days. No prinmary data what soever.
The Sverdl ovsk data does say that the incubation
period is, whatever it is, you know, 16 days or
somet hi ng, but we don't know what happened to those
people. The primate data suggests that is not the
case, the rhesus nacaque prinate data.

So | don't know the answer to that, but
I'"mvery suspicious of any of the data that has
conme forth to date about Sverdl ovsk other than the
pat hol ogy. There's information there about

survivors. No basis, zero basis that these people

has ant hr ax. No clinical--no hard data, no
culture, no pathol ogy, no radiology. Interviews.
That's nine cases in a city of, | don't know, a

mllion people who said they had ant hrax.

DR. McINNES: To close the |Ioop on the
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anamestic issue, | think Drusilla had proposed as
part of the strategy assessing nenory in aninals
and eval uati ng booster kinetics. And so | presune
t he panel endorses that approach for the
eval uati on.

Al right. The train, Eml. W're noving
onto (e). |If antibodies to protective antigen do
not correlate with protection, what other
approaches m ght be taken?

DR SIBER Coul d you rephrase that and
say "even if protective antigen correlates with
protection"?

DR MINNES: | think that's a different
question. It's sort of a depressing question
Drusilla, that protective antigen will be--but if
not, what other approaches m ght be taken?

DR SIBER To prevent Art from answering
this question, I'mgoing to try.

It seens to me that the other virul ence
factor we were told about was capsule, and we al so
heard about situations where people who are partly
i mmune don't seemto get the septicemc formof the
di sease but, rather, get a nore chronic disease
whi ch | ooks an awful |ot |ike encapsul ated

bacterial infectious disease. The neninges, you
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get neningitis. And so one wonders whether a
capsul e or conjugate or sonme sort of cancer-based
vacci nes could be sort of the conplenent to the
toxoid or toxin vaccine and al so give you sort of a
safety net in case you have waning i munity,
because that |ikely would have sone of the features
that we know and | ove about conjugates, which is to
provi de that anammestic response and protection
after exposure. And you get that very early.
That's really an area that deserves investigation
not to hold up the initial vaccine in any way.

DR McINNES: Al right. Any other
coment s?

DR, HEWLETT: | do have a question. The
i ssue that was brought up about the activated
macr ophage and whet her that works, Art dism ssed
that on the basis of the fact that that's not how
the vaccine is working, and that nmay be the case.

But I'minterested i n whet her anyone has
i nformati on on whet her or not activated macrophage
by one formor another does, in fact, not tolerate
the germ nation or the survival or proliferation of
organi sns intracellularly.

DR. McINNES: Anyone fromthe floor w sh

to coment on that, add anything to it?
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DR QGOISCHLICH [I'Il only say the
following: As far as | renenber, this has been
done, but | can't quote you chapter and verse. It
kills activated macrophages just as well as the
other ones. But | can't quote you chapter and
ver se.

DR FRIEDLANDER. There is an
experinment--Bruce, why don't you nake a coment
about CPG? This is in vivo, and there's ongoi ng

work with in vitro.

MR IVINS: W've |ooked at the ability of

CBG ol i gonucleotides to offer either non-specific
or specific protection agai nst spore chall enge
in--let's see, we've got mce, guinea pigs, we're
going to do rabbits, and nonkeys have been done.

We find non-specific protection in mce.

W find sone augnentation of specific protection in

guinea pigs. That is in conbination with vaccine,
either the human--the currently licensed human
vacci ne or with reconbi nant PA al um num hydr oxi de
vaccine. And these studies, incidentally, are
t aken--or have been done in collaboration with Dr.
Denni s Kl einman. I n rhesus nacaques, the oligos,
the CPG oligos, we haven't done any chal | enge

experinments, but they enhance the antibody titers
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to PA and the titers stay higher for a | onger
period of tine. And we're about to go into rabbits
this sunmer.

DR McINNES: Thank you. | woul d--

DR FRIEDLANDER. Can | ask a question?
Agai n, to the i mmunol ogi sts here, because we've
sort of struggled with this question a few years
ago. |If it's not antibody, is there any test of
cell-mediated i mmunity or any other imunity other
than anti body that one could conceive of as being a
quantitative test to use as a correl ate of
i mMmunity? Qher than antibody level. To license a
vacci ne.

DR. McINNES: Your chall enge has--yes,
Em | ?

DR QGOISCHLICH | really think that's a
wonder ful question, but it's totally inappropriate
for what we know about this disease. There's--

DR FRI EDLANDER: | agree.

[ Laughter.]

DR QOTSCHLI CH. Then don't ask it.

DR FRIEDLANDER. No, no, but there are a
| ot of people--

DR MINNES: He was being provocative.

DR QGOISCHLI CH  Actually, | think it's an
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i mportant issue that should be briefly di scussed.
Peopl e get very, very misled with this THL, TH2
adjuvants, et cetera, into believing that THL neans
cell-mediated immunity. 1t doesn't nean that at
all. It sinply nmeans it's a different response to
t he anti gen

It does, in fact, have a higher
probability of raising cytotoxic T-1ynphocytes, but
they have nothing to do with this disease as far as
we know. This is a disease where the inmunity is
clearly anti body-nediated, and there is no evi dence
fromany of the--as a matter of fact, it's notable
t hat nobody's even nentioned | ynphocyte transfer
experinents today. There is no evidence that any
of the Iynphocyte transfer experinents have worked.

DR. McINNES: A nice clean ending.

I want to thank Drs. Gotschlich
Fri edl ander, Hewl ett, and Si ber very much for their
t hought ful - -

[ Appl ause. ]

DR McINNES: Thank you very much. And
"Il pass the neeting back to Col onel Danl ey.

COLONEL DANLEY: Before we |eave, | want
to thank all the participants for their excellent

presentations. | want to thank Dr. VanDeVerg, Dr.
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Burns, Dr. CGoldstein for organizing the neeting.
want to thank the CAMR contractors and the SAIC
contractors for organi zing the neeting. But nost
of all, I want to thank you and | want to say
somet hi ng about you, the audience here, in terns of
the following statenent: W need a better vaccine.
In this audience right now, there is a remarkabl e
diversity of individuals fromdifferent

organi zations, and all of you have heard the phrase
"we need a better vaccine."

For the people giving that vaccine, such
as Col onel s Randol ph and Grabenstein, as part of
t he ant hrax vacci ne program their better vaccine
is a vaccine that has no side effects. They're not
worried so nmuch right now about protecting forces.
VWhat they're fighting every day are the conplaints
that the current vaccine is unsafe. So their
better vacci ne has no side effects.

But the manufacturers who are here, your
better vaccine m ght be a vaccine that's easier to
produce, has a better return on investnent, nost
i mportantly, sonething that doesn't sline your
conpany's nane that reflects poorly upon the people
that are working to try to nake a better vaccine.

For the FDA, a better vaccine is one that
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has the data that says this vaccine is clearly
better than that vaccine, and | think that's what
the FDA was trying to find out today. What should
that data | ook Iike?

And for the scientists who are here that
really formthe basis for all of our work, I'm
afraid that a better vaccine is the one that |
invented, as in "My vaccine is better than your
vacci ne. "

But, clearly, our nation is asking for a
better vaccine, and that word "better vacci ne"
enconpasses all of our areas of expertise.

I think this neeting has been very, very
successful in defining what that better vaccine is,
but I would remnd you that the eneny in this room
right now we wear on our wist. It is tine. W
don't have all the time in the world. One of two
things will happen: either soneone w Il discover
that anthrax is a great way to terrorize a nation
and our nation will be I ooking for that better
vacci ne; or soneone will decide that anthrax is not
a good way to terrorize and we'll never see it
again, and the efforts that we're putting out wll
be lost to the next problemthat our nation has to

face. The funding will decline, the interest wll
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wane, and the problenms won't be sol ved.

So there is a sense of urgency that we
have to take away fromthis neeting to acconplish
that goal of making a better vaccine.

I thank you all for participating.

[ Appl ause. ]

[ Wher eupon, at 4:33 p.m, the neeting was

adj our ned. ]



