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PROCEEDI NGS
Vel cone

DR. MEYSICK: Good norning. | think we will get
started. Welconme to the Aninmal Mddels and Correl ates of
Protection for Plague Vacci nes Wrkshop that is being
cosponsored by FDA, N AID, and HHS.

| am Karen Meysick from FDA. Before | actually
ask Jerry Donlon to cone up, a couple of logistic things
that we need to discuss first.

The workshop is being transcri bed, so we ask that
everybody use the m crophone, and when people conme up to ask
guestions, please identify yourself and the organi zati on you
are with. Inportantly, the restroomfacilities are just
strai ght down the hallway for the gentlenen and strai ght
down the hallway, turn slightly to your right and then on
the lefthand side for the wonen

Cof fee breaks will just be straight out
front here in the foyer. Lunch is on your own, but there is
a restaurant in the hotel, there is restaurants just in the
Marriott, which is about a



five-m nute wal k awnay.

The noderator for Session No. 4, who is to
be announced, is no |longer to be announced, it is
Dr. Luther Lindler fromthe Departnment of Honel and Security.

There are two repl acenment sections for your
not ebooks for Dr. WIIlianson and Dr. MDonough, just to |et
you know.

Wth all that, then, what | would like to do is
bring up Dr. Jerry Donlon fromthe Ofice of Research,
Devel opnent, and Coordination at HHS to start us off.

Jerry.

DR. DONLON: Thank you, Karen.
| want to welconme you all to this

essential workshop on behalf of the Assistant Secretary for
Publ i c Health Emergency Preparedness, the Secretary of ny
office basically. 1 also want to thank Drusilla Burns and
her CBER team and the NIAID participants for putting this

wor kshop t oget her.
| think it is a very critical workshop to



advance the devel opnent of vaccines for plague.
Also, | want to thank the nmany participants for
taking tinme out of your valuable tinme from your
critical work to attend this workshop and
contribute to the discussions, and, hopefully, the
consensus at the end of the workshop.

Over the last two or three years, during
our experience in | ooking at devel opi ng
count ernmeasures for bioterrorismagents, it becane
very clear that devel opi ng appropriate ani mal
nodel s was a very critical step in the devel opnent
process, and especially when we come to inplenment
Project Bioshield, which is the acquisition of
counternmeasures for the stockpile, this process
basically is | ooking at acquiring products for the
national stockpile that are still in the
devel oprment al phase, but are usabl e when they are

put in the stockpile and eventually |icensable.

It is a very somewhat risky process because these
products are in the devel opnment stage, and it is an
accel erated devel opnent, and if these products are not,
shall we say, placed in an



appropri ate devel opnent process with the
appropriate animal nodels, we are going to | ose val uabl e
time in the acquisition of these products.

So, | think it is very essential, when we
are | ooki ng at devel opnent of any product, that the ani mal
nodel s that are used for that devel opnent are basically the
ones that will carry it through for a usable product that we
can acquire to the stockpile, and then eventually a
| i censabl e product. W can't at this point afford to be
experimenting, if you will, with various aninal nodels prior
to an acquisition.

The confidence in these products that we do
acquire for the stockpile will relate to our confidence in

the animal nodels that the results are based on.

No ani mal nodel is going to be perfect, and the
devel opment of vaccines | think present a specific unique
chal | enge because in addition to asking the question is the
pat hophysi ol ogy of the disease in this animal reflective of
t he di sease in humans, you also have to ask the question is
t he



i mmune response in this animal also reflective of
t he i mune response in humans.
So, you have kind of a dual edge task

here, one | ooking at the disease process in the
animal s, and the other |ooking at the i mmune response when
you are trying to devel op a consensus for an ani nal nodel
that will reflect vaccines used in a particul ar di sease.

| think that is a unique challenge, and | am sure
over the next day and a half, there will be very deep
di scussi ons on each of those aspects, the pros and cons.
Again, there is no perfect aninmal nodel and there will be
tradeoffs relative to the pros and cons of the different
animal nodels that will be presented and di scussed.

Utimately, | think it is essential to conme to
some sort of a consensus, and | think this workshop has both

t he agenda and the participants to cone to this consensus.

It is essential to come to sone consensus on a
reasonabl e ani mal nodel, not a perfect one, but a reasonable
one, to provide guidance and



direction to devel opers, so that they can apply the
appropri ate resources and devel op the

count erneasures in an appropriate tine frame

wi t hout wasting those resources or wasting the tine
that you are going down a path that are

nonpr oducti ve.

So, | look forward to the following
presentations and di scussions as a step forward in
devel opi ng count ermeasures for at |east plague.
Hopeful ly, we can devel op a consensus and t hereby
speed the devel opnent of these counterneasures for
our stockpile acquisitions.

Wth those opening remarks, | will turn it
over to Karen.

DR. MEYSI CK: Thanks, Jerry.

The first speaker is actually Mark Abdy
fromthe FDA at CBER, and he is going to introduce
everybody into the Aninal Rule.

Mar k.

I ntroduction to the "Animal Rule"

Dr. Mark Abdy
DR. ABDY: Good norning, everyone. As |
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was sort of chatting with sone fol ks before we got

started, | realized that there is many of you that at the
very least will know sonething about the "Animal Rule," and
there is many of you that will have attended a tal k by

someone at the FDA on the "Animal Rule.”

My goal today is to go through parts of the
“"Ani mal Rule" and illustrate the different questions and
concerns that people in CBER wi |l be asking what the
requirenents will be, so that we can get a plague vaccine
|l i censed using the Rule.

Because of tine, | will not address the
wi t hdrawal and postmarketing concerns of the "Animal Rule.”
They are listed in the Federal Register that | will give you
the reference for and you can read them on your own if you

want to or catch me afterwards.

| hope by this talk I will set the stage for what
will be the next day and a half's worth of speakers and
di scussions. | think | amgoing to raise issues that wll
be addressed during these talks and | expect there wll be.



Before | get going again, the final th
is | should have sone time to answer questions, b
again | would ask that you keep themto the
generalities of the "Aninmal Rule,"” since we w ||
have scientists specializing in plague talking fo
the next day and a hal f, and hopeful ly, your
gquestions will be addressed in the next day and
half. OQherwise, catch me in the hallway. | wl
be here for the next day, as well.

The Rul e cane about or the idea for the
Rul e cane about in the early 1990s after the
Persian Gul f War when the Departnent of Defense
realized that they really didn't have a good
mechanismto get the critical drugs and vacci nes

| i censed, and this was for two reasons.

ng

ut

r

One was the epidem ol ogy of these diseases or

agent precludes field trials, which is the usual
ef ficacy data, and then the second is

t hat you cannot conduct human chal | enge or protec

sour ce of

tion

studies with certain diseases. It is just not ethical.

So, bringing us back to plague, | think

11
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one of the questions we need to ask oursel ves today
is which forns of the disease, basically bubonic or
pneunmonic, will fit the epidem ol ogy i ssues and the ethical
i ssues.

The official title of the "Animal Rule" is the
Approval of Biological Products (New Drugs)
When Human Efficacy Studies Are Not Ethical or Feasible.

Before | cane to the FDA, | was somewhat naive and
| thought that the "Animal Rule" sort of was there as a
result of the anthrax attacks in 2001. Fromthe previous
slide and this slide, obviously, there was nuch nore going
on in the "Animal Rule" in the md-nineties, and in 1997,
t he FDA published a Request for Comment in the Federal
Regi ster.

It was a Proposed Rule in 1999, and then a

Finalized Rule in May of 2002.

You can find the "Animal Rule" in two |locations in
t he Code of Federal Regulations. The first is a new Subpart
Hin 21 CFR Section 601, and that has to do with biol ogics,
such as vacci nes.
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The second place that you can find nmention of the
“"Ani mal Rule" is a new Subpart | in 21 CFR 314, and that has
to do with drugs.

To date, only one product has been |icensed using
the "Animal Rule,"” and that is pyridostigmne bromde. It
was |icensed through the Center for Drugs, and all | am
going to tell you about it--and | hope | get this right--is
that it is a treatnment for the nerve agent Sonad.

The scope of the Rule is quite broad, it doesn't
just handl e infectious diseases |like we are dealing with
today, but it really is drugs and bi ol ogicals that reduce or
prevent serious or |ifethreatening conditions caused by
exposure to | ethal or permanently disabling toxic
bi ol ogi cal, chemi cal, radiological, and nucl ear substances.

It does not apply if the product approval can be
based on standards described el sewhere in the FDA' s

regul ati ons.

Wth the "Aninmal Rule," the FDA may approve a
product which has net the human safety standards or the
human saf ety has been established.
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That means that you still need to do your Phase |
Phase 11, and Phase II1l studies.

In addition, you have to neet the "Ani ma
Rul e" requirenents, which will be based on adequate
and well-controlled animal studies, the results of which
establish that the product, in this case of plague vacci ne,
is reasonable likely to provide clinical benefit to humans.

One of the mi sconceptions that we have encountered
with some sponsors is that the "Animal Rule" is a shortcut
to licensure. | think if you |look at what the slide says,
you realize that that it is definitely not that, and may, in
fact, be a ot nore work than your classic vaccines.

But again, we have to ask ourselves, for plague,
do we have adequate ani nal nodels for plague studies, and

hopefully, we will discuss that in the next day and a half.
The Rule is set up on there is four basic

requi renents for animal studies that have to be net in order

for the Rule to nove forward, and I am going to go through

each of these requirenents and
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sort of try to relate themto plague
The first is that there is a reasonably
wel | - under st ood pat hophysi ol ogi cal nechani sm of
the toxicity of the substance, i.e., plague, and
its prevention or substantial reduction by the
product, in this case, a vaccine.

Do we have a good understandi ng of the
pat hogenesi s or pathol ogy of the plague? Do we
have a reasonably good understandi ng of that?

Do we understand how the plague vacci ne prevents
di sease?

The second will be the effect nust be
i ndependently substantiated in nore than one ani mal speci es,
and this must include species expected to react with a
response predictive of hunmans.

If you read the regs, there is nention of an
exception, but as Dr. Donlon just nentioned, | think many
people in the audi ence woul d agree we don't have, we
bel i eve, an ideal plague aninmal nodel. W nore than |ikely
are looking at two, if not nore, but that is up for

di scussi on.
The other thing is we need to know whi ch
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ani mal nodel s, which species and strains are nost
rel evant, and al so, does the immune response in
t hese animals resenble that in humans.

The third requirenent is that the anim
study endpoint is clearly related to the desired
benefit in humans, generally the enhancenent of
survival or the prevention of major norbidity.

In other words, we need an aninmal nodel that will
show nmaj or norbidity or death, because we need to show
survi val

So, does the disease, a plague ani nal nodel,

i nduce a disease in animals that we see in humans.

The final requirenent has to do with kinetics and
phar macodynam cs. Basically, these animal studies need to
allow for the selection of an effective dose in hunmans, and
to do that, we need to have a good understandi ng about which
conponents of the imune response are inportant for
protection in plague and how they can be neasur ed.

The second point is we need to be able to
bri dge the i nmune response data fromanimls to
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humans.

A brief word on the Good Laboratory
Practices and the Animal Wl fare Act. The Rule
does state that all studies subject to this Rule
nmust be conducted in accordance with pre-existing
requi renents under GLP regul ati ons and the Ani nal
Wl fare Act.

| can tell you that in CBER, we wll have
t he approach that you need to do your ani nal
studies for the definitive or pivotal aninal
studi es according to GLP. You do not necessarily
have to do your pilot studies according to GLP, so
wor ki ng out with the correct doses and the correct
schedule, it is when you get down to those pivota
studi es that they nust be done to GLP.

Al so, another way that we could think
about it is if you want to nention the ani mal study
in your label, then, it should be done according to

GaP

This slide here basically is just a nunber of
bul l et points to sort of things to think about when you are
desi gning these ani mal studies, and
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folks in the roomthat have been working on these
are very well aware of these sorts of questions, but you
need to think of the |abel indication - are you | ooking for
a pre-exposure or a post-exposure indication? Are you

| ooki ng for bubonic and/or pneunonic as an indication on the

| abel ?

The route of exposure. W feel pretty strongly
that you need to pursue an aninmal nodel that will m mc what
we expect to see in a human bioterrorismattack. In this

case, we are |looking at a respiratory nodel

Endpoi nts of aninmal studies. W are well aware
that as you do these animal studies that you have to do your
work within the paraneters of your I ACUC and, in sone cases,
t he European Union regul ations, and we will certainly work
with that. You do what they tell you to do.

Appropriate chall enge dose. This will depend on
the chall enge route that you choose, the species that you
are using, and the strain of Yersinia that you are going to

use.
Then, of course, statistical
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considerations. This is sort of in some ways a no-brainer.
Qobvi ously, you can do nany nore rodents
t han you can nonhunman prinates, and we realize
that, as well.

Then, of course, the last point | have

here, if you are | ooking for protection against
nmul tiple Yersinia strains, one of the questions that | hope
gets discussed in the next day and a half is if we are going
to use nore than one strain, which strain should be used or
t est ed.

Assays and i mmunol ogy. Consi derabl e
research and devel opnent nay be necessary to devel op and
val i date these assays. You will need to have vali dated
assays for both animal and human. The human assays wi || need

to be validated before the pivotal or definitive studies.

As far as the inmune response goes, | think | have
alluded to this already, you nust be able to bridge the
human and ani nal data, and then the other thing we would be
interested in is the onset of the i mune response and the
duration of the inmmune response.
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So, to wap things up, the "Animal Rule"
is obviously newto both industry and the FDA, and
in order to be a success, we need to coll aborate.

Certainly, my experience has been that we are doing
quite a good job with that on sone ot her agents.

You can expect nultiple interactions with
FDA Advi sory Conmmittees. |In sone cases--and |
don't know what the situation will be for plague--but in
sonme cases, it will be prior to the animal
efficacy trials for concurrence with concepts. |In other
cases, it will be follow ng the Agency's BLA review, prior
to approval .

My final slide basically is to recogni ze that none
of this is done by one person obviously. It is a teameffort
and certainly in the case of | ACUC and t he plague "Ani na
Rule," as we nove forward with the plague "Aninmal Rule,"”
certainly Drs. Goldenthal, Burns, Elkins, and Meysick w ||l
be very key pl ayers.

That is all | have. As | say, if you have general

questions, | will try to answer them
[ Appl ause. ]



DR MEYSICK: What we would like to do now
is actually start the session that involves
Yersinia pestis in general and pl ague vacci ne, so
the first session is actually plague pathogenesis.
Qur noderator for this session is Dr. Susan Stral ey
fromthe University of Kentucky.

Sue.

Session 1: Pathogenesis of Plague
Moderator: Dr. Susan Stral ey

DR. STRALEY: Thank you, Karen.

W are going to begin with a general
overvi ew of plague pathogenesis that is going to be
presented by Bob Perry of the University of
Kent ucky.

Al so, there is going to be a procedura
i ssue that even though everybody can hear the
guestions that are asked, | amgoing to need to
repeat themup here, so that the transcription wll
work. That m crophone isn't working for the
transcription, so we will do that.

Overvi ew of Pl ague Pat hogenesi s
Dr. Robert Perry

21
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DR PERRY: | would like to thank the
organi zers for inviting nme. They actually assigned
nme three tasks here. One is just a quick overview of the
organism then, to go on to give you an overvi ew of the
pat hogeni ¢ nechani snms or virul ence determ nants that we know
about, and | have chosen to separate these into bubonic and
pneunoni ¢ pl ague since they are very different di seases, and
the final one was to come up sort of a list of maybe
potential new vacci ne candi dates for subunit vacci ne.

Qobvi ously, everyone here knows that Yersinia
pesti s causes bubonic, pneunonic, and septicem c plague. It
is a gram negative bacteriumand is a facultative anaerobe,
so it can grow both aerobically and anaerobically. | should
probably also add it is able at least in vitro to grow in

nai ve macr ophages.

The organismis easily growmn in vitro. It doesn't
have a high degree of nutritional requirenments. Genetic
nodi fications are relatively sinple to engi neer, al nost as
easy as in E. coli
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There are natural foci of infection
t hroughout the world, so the organi smcan be
obtai ned by going to different |ocations around the
gl obe. More recently, we have seen some nultiple
anti biotic-resistant strains that have been
i solated from patients, although the degree of
devel opnent of antibiotic resistance is really
extrenely | ow conpared to a | ot of other bacteria.
Qobvi ously, the organismis infective by
respiratory droplet route, and pneunonic plague is
very highly and rapidly fatal.
So, all of these characteristics here sort
of nmake this one of the reasons why Yersinia pestis
is categorized as a Category A sel ect agent.
The other thing that is going on is we
currently have no vaccine available, at least in
the U.S. and in Europe, and obviously, you are probably al so
all aware there are several vaccines that are being

devel oped.

So, despite all the concern about potenti al
bioterrorismuse, we need to realize that bubonic plague is
essentially a zoonotic disease
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and it has an obligate flea/rodent/flea
transmission and life cycle, so it grows into flea, the flea
injects the organisminto the nouse or the rodent | shoul d
say, and it grows and devel ops a septicem a, so that now
another flea can be infected, and it is this sort of a
transm ssion that you see in nature.

So, | wanted to | ook at bubonic plague first. |
have sort of arbitrarily divided the disease into three
stages for conveni ence of |ooking at sonme of the variant
determ nants we will talk about in a mnute.

You can see here that the synptons, usually froma
flea bite, shown right here, usually develop within 2 to 8
days. There is usually a sudden onset of fever, chills, and
weakness. Sonetinmes there is nausea, vonmting, and diarrhea

that is also associated with the devel opnment of the di sease.

Finally, you get a dissem nated intravascul ar
coagul ation often, and the rate of fatality is between 40
and 60 percent untreated.
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If we | ook at the spread here, it conmes fromthe
flea bite, the organismgets into the |ynphatics, spreads to
a regional |ynph node, and you get a large swollen |ynph
node whi ch has been called a bubo.

From here it breaks out into the bl ood stream and
is spread to internal organs like the liver and spl een where
again it grows to quite high populations, and finally, now
you have a sustained septicem a, occasional lung infection
that can lead to secondary pneunonic plague spread at | east
in humans, and in 40 to 60 percent of the cases can lead to

deat h.

So, what are the various aspects of the organi sm
that allow it to have this rapid spread and growmh in
various internal organs and high concentrations of bacteria
in the bloodstream which if you renenber, is one of its
criteria for being able to survive in nature? It has to
devel op a high concentration of bacteria in the bl oodstream
so a flea can conme along and i nfect another rodent.
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Wl l, there are a nunber of things that
have been studied in the bubonic nodel, and the
first one, and the one nobst extensively studied, is
the type Il secretion or |ow cal ciumresponse, and
JimBliska is going to tell you all about that.

What | just wanted to do here was to show
you that this has been extensively studied in al
t hree pathogeni c species of Yersinia, but in
pestis, LcrV or V antigen--1 always have to have at
| east one typographical error in all ny
presentations--the YopH, YopE, and YopM have al
been shown to be inportant in the pathogenesis of
buboni ¢ pl ague. There are sone ot her Yops that Jim
will tell you about that really haven't been tested
in Yersinia pestis. Two of those are YopT and

YPKA.

There are iron transport systens, and this is
probably what ny |lab studies, that are inportant in
pat hogenesi s, and there is Yersiniabactin siderophore-
dependent iron transport system and there is another Yfe
I ron and manganese transport systemthat play a role.
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Finally, Pla protease has been studied for
a long time and has been responsible for spread of
t he organi smt hrough different host tissues, and
there are some regul ators that have been shown to affect the
di sease course.

One of these is a PhoP/PhoQ a two component
regul atory system W don't know all of what these
regul ators control, but they do have effect on pathogenesis.
Finally, heat shock serine protease has been tested and al so
shown to have an effect on virul ence.

| have a couple that | have |isted under
qguestionabl e virul ence determ nants. One of these is the F1
capsul e that has been | ooked at for quite a while. 1In
animal studies, there is really no | oss of virulence as at
| east defined by the crude nodel of LD50 studies. In sone

animal nodels, there is an increase in tinmne to death with

this.

| included the Psa, which nmake finbria or fibrils.
It has al so been known as pH6 antigen. 1In an |I.V. nodel of
this, it has a large loss of virulence. |In a subcutaneous

nodel, there is
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little or no loss of virulence, and this is
somet hing we need to | ook at nore closely. Finally,

in the category of things that
have been tested, but appear not to have any role in
t he di sease process in at |east in bubonic plague
nodel s, and these have all been in done in mce, is
the Ym phospholipase D. It has been known as a
murine toxin, so you can purify it.
Some mght purify the protein and kill mce with it
very nicely, but it is really not required for the
di sease process.

By an intravenous nodel, YopJ really
doesn't have a |l arge effect, one of the other Yops
that JimBliska will be tal king about.

My | ab has tested a hene transport system
and we did not find any | oss of virul ence again by
an LD50 nodel .

Finally, there is an Hrs systemthat nakes

a biofilmand that is very inportant in

transm ssion of plague fromfleas to mammals, but the
mutation that ny lab tested did not find any defect in
manmal i an di sease once it has gotten into
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t he host.

So, let's go over sonme of these in a
little nore detail. | amnot going to tal k anynore
about the type Ill secretion system Jimwll do

that, but what | wanted to do here is start talking
about the iron transport systens.
The first one is the Yersiniabactin
transport and bi osynthesis system |In this node
cartoon here, we show that the siderophore, which
is a small nol ecul ar wei ght conmpound that is
secreted by the bacteriumand has a high affinity
for ferric iron, is synthesized by a non-ribosom
pepti de synt hase enzynme conplex, a fairly conpl ex
set of enzymes. It is secreted by a mechani sm
whi ch we have not identified yet.
Once this siderophore or small nolecule is in the
environment, in our case in the host, we
have shown that it is capable of renoving iron from
| actoferrin and transferrin to the major iron binding
proteins that are designed, partially work to keep iron away

from invadi ng pat hogens.
Once it has bound the iron, it is taken in
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t hrough this outer nenbrane receptor and goes
through a transport systemto get inside the cell,
and the iron is renmoved by a mechani sm which we
haven't yet identified. So, if you look at this
system from a vacci ne standpoi nt, you have two
really targets, the secretary system which we
haven't identified and this outer menbrane receptor
her e.

In studies that we have done, if you use a
subcut aneous nodel of bubonic plague in mce, you
essentially have a conplete loss of virulence. W
have no mce die at the highest concentrations we
have t est ed.

If we go much higher with sone of the
organi sms, you will begin to get aninals dying of
endot oxi n shock. However, if you now bypass t hat
first lynphatic stage of the disease by injecting

i ntravenously, these nutants are fully virulent.

We have tested nutations in the transport system and
mutations in the biosynthetic system and both of them seem
to have equally large effects in the subcutaneous route, but
not in the intravenous



route.

The second nodel is an entirely different
type of system It does not make a high-affinity
si derophore defined iron. The system does
transport iron. It also transports nanganese, and
we have a feeling that it may transport zinc, as
wel |, but we don't know for sure yet.

It probably has an outer nenbrane receptor
or a porin of some type through which these
substrates channel, but we haven't identified those
yet. So, in that aspect, we haven't identified
something that is likely to going to be rel evant
for a vacci ne nodel .

The ions get into the parapl asm where they
are bound by a protein and go through the transport
system here and get into the cytoplasm The in
vitro growt h phenotypes and defects that we see
seemto be due to loss of the ability to acquire iron,
not manganese or zinc from our studies, and the ani nal

studi es we have done seemto indicate the same thing.
So, if you take and neke a nutation in

and
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this Yfe system-and we have generally nmutated a,
Yba or b, or both, you get about an 84-fold | oss of
virul ence by a subcutaneous route of infection.

Renenber | told you the previous iron
transport systemwas fully virulent if you inject
it intravenously. Now, if we construct a double
mut ant system and this systemas well, that nutant
is now conpletely avirulent by an intravenous route
of infection.

So, there are a nunber of inorganic iron
transport systens putative and proven in Yersinia
pestis genone that at |least in the nouse nodel, it
appears that the Yfe system and the Yersiniabactin
systemare really the only two inportant ones.

If we go on to look at Pla protease, this

seens to be a nmultifunctional protein. It works to
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activate plasm nogen and inactivates al pha-antiplasnmn. It

al so works to enhance adher ence to
the extracellular matrix and to lamnin. So, one

hypothesis is that this activity allows cells to
bind to the extracellular matrix and begin degrading it by
activating plasm n and enhances
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bacterial invasion through the |ynphatics.

We al so know from studi es that have been
that it enhances invasion of nonphagocytic cells
and again this factor appear to be route dependent as far
as its inportance goes. So, it is an essential virul ence
determ nant from peripheral routes of infection
subcut aneous, has a huge | oss of virulence here, over a
mllion-fold, but if you take the sane Pla m nus nutant and
inject it by an intravenous route, it is again fully
virul ent.

So, the route here, this route dependency seens
to sort of support the hypothesis that it may be inportant
in allow ng invasion through the | ynphatic system

The two conponent regul ators, PhoP and PhoQ give
you about a 75-fold | oss of virulence in a subcutaneous
i njection nmodel again, and in vitro
they survive not quite as well in J774 macrophage-1i ke cel

| ine, about 2.5-fold difference. There

has al so been a significance increase in sensitivity to
growt h under high salt conditions, and noderately increase
sensitivity to | ow pH and
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hydr ogen per oxi de.

When the researchers | ooked at what
proteins are expressed, there are a |lot of protein
changes, but we haven't really identified yet
exactly what conponents this systemis regul ating.
The one thing that we do know that it regulates is
a nodification of the lipid A structure in
| i popol ysacchari de, so these nutants | ack
nodi fication that adds am noarabi nosyl residues.

If we | ook at the heat shock, which is
anot her regul atory protease, degrades proteins that are no
| onger functional, again you see a relatively small |oss of
virul ence conpared to simlar nutations nmade in other

pat hogens.

You see al so nunerous changes in protein
expression given that it degrades different proteins, and |
shoul d probably have the slower growh at 37 in italics or
question mark because the paper that |ooked at this noted
that there was a smaller colony size when you tried to grow
the bacteriumon a plate at 37 degrees. Fromthis, | would
guess that maybe you are getting a sl ower



growh rate at 37 because of the inability to
degrade sone proteins

So, there is a question here as to whet her
this virulence loss is sinply due to sl ower growh,
or whether it is due to | oss of degradation of sone
protein that is normally degraded.

If we get to the F1 capsule, again by a
subcut aneous route here--we are | ooking at bubonic
pl ague right now-there is no change in the LD50.
There is a doubling in time to death in a nouse
nodel. There really wasn't a significant increase
intime to death in a nonhuman primate nodel that

has been tested.

Despite this, it has been shown that there

is an in vitro resistance to phagocytosis that is
directly related to expression of the F1 capsule.
There is no question that it is a nmjor immunogen
and that it is a protective antigen in both bubonic
and aerosol nodels of plague.

Al so, the production of this protein and

associ ated conponents is increased at 37 degrees,
so it is going to be highly expressed in vivo.
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Now, on the down side here, the nutants obviously
in the F1 capsule really don't have a drastic effect on the
virul ence of the organism and a little nore disturbing is
that back in the sixties or so, there were nmutants isol ated
that still nake the capsule, but it is no |onger cel
associ ated. They are actually secreted into the nmedium and
what the researchers both in the U S and in Russia found
is that animals that had been vaccinated with F1 now
succunb to the disease nmuch earlier, so it was no | onger
protective, but it actually helped kill the animls
possi bly due to anaphyl actic shock. These strains have
been isolated in both Russia and the U. S. back in the
sixties, but not nuch has been heard of them since. So,
this is sort of a word of caution here.

For the pH6 antigen or Psa, it nakes fibrils
again by an I.V. route in a genetically
engi neered constructed nutant, you get over a 200-fold | oss
of virulence. This is bypassing the

first lynphatic stage of the disease.
My lab constructed a different type of
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nmut ation, again a large deletion, and we tried this
is in a subcutaneous nodel and really didn't see a
whol e | ot of virulence lost. W think these data
are probably pretty good, but it needs to be nore
t hor oughl y exam ned than we have really done to
dat e.

So, it may be a higher degree of virul ence
| ost than would be indicated by the initial studies
that we have done here. This systemforns fibrils
at 37 degrees under acidic conditions. That is why
it is called pH6 antigen. It has been shown to be
expressed inside of macrophages, and the

recombi nant Psa protein will actually bind human I gG

So, to get back to the stages of disease here, to
make a point, in that first |ynphatic stage we see two
processes that seemto be essential or at |east very
I nportant, and that is the Yersiniabactin iron transport
system and the Pla protease. |f you have nutations in these
systens, the organismis avirulent as |long as you have to go
from a subcut aneous route.



38

Once you get to the bl oodborne stage here,
these two factors are not critical. You don't see
a loss of virulence in nmutants. Wat is inportant
now is the Yfe system we conclude is probably nore
inmportant in the latter stages of the disease here.

So, that is sort of the stages here, and |
want to go on to consider two ot her systens that
are related to growth in macrophages, and the first one is
the Hru henme transport system and | have already told you
that that wasn't inportant by a subcutaneous route of
infection, but it is essential for the use of a variety of
hene and hene protein conpounds.

You see all these conmpounds here are utilized by
Yersinia pestis. |If we nake a nutation in this outer
menbr ane receptor, which could be a vacci ne candi date here,
t he organi sm can no | onger use any of these conpounds as

i ron sources for grow h.

So, inthis system it is likely that the outer
menbr ane receptor binds hene, and the various henme protein
conpl exes, henopexi n-henogl obi n.
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Probably the heme noity is renoved at the surface
here, taken into the paraplasm and then
transported into the bacterial cell.

There is one protein Hrus that nmay be involved in
renoval of iron, so it can be used as an inorganic source of
iron, or it my sinply bind hene to relieve toxicity of
excess henme in the bacterial cytoplasm and we are not
really sure at this point what is going on with this one
protein.

So, why am | nmentioning this? It is
because this systemis required for growh in J774 cells.

If you |l ook at the graph here, it is actually showi ng a

mut ati on, a double mutant in the Yersiniabactin and Yfe
system and this essentially acts like wild type. You have
an initial death phase and then you have a regrow h of the
organi sm However, if you have a mutation in the Hmu system

here, you have the death phase and they never recover.

So, thisis really a systemthat is required.
It's the sanme if you have only the Hw mutation and all the
other iron transport systens
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are effective, you have the same type of curve
here. So, this is required for growth in
macr ophages, at least in vitro, or nmacrophage-like cells.

The other thing that we found, our Yfe system
whi ch is shown to have sone inportance in the bubonic nodel
together with Feo, which is a ferrous iron transport system
whi ch we have a doubl e nmutant here, they essentially mmc
the lack of growh that you see with an Hhu nutant.

So, these two types of systenms, the ferrous iron
transport systens and the hene system seemto be inportant
for growing in nmacrophages. Wether that is going to be
i nportant for the di sease process remains to be determ ned,
but either one of these, these seemto be redundant system
and when you take a single system they grow fine. W need
to have del eted both of these for the ferrous iron transport

syst ens.
So, that is basically what we know about bubonic
nodel . Let's go on to prinmary pneunoni ¢ pl ague.



41

Synptons develop in 1 to 3 days after
exposure. It develops into a bronchopneunoni a,
beconmes | obar and nultilobar in nature. You often have
gastroi ntestinal synptons |ike nausea, vomting, abdom na
pain, and diarrhea, and in this case, the disease
essentially has a 100 percent fatality rate if untreated,
and worse yet, even if you delay treatnent nore than 24
hours past the onset of synptons, which are basically fl u-

i ke synptons, then, often it is too late to save the
patient.

Now, this nodel has not been nearly as well
studied to date, although that is changing, as the bubonic
nodel, so we don't know as nuch about the proven or presuned
virul ence determ nants in pneunoni c pl ague.

What has been tested is again the Yersiniabactin
mut ant al t hough | shoul d have put up here that this is nore
than just Yersiniabactin mutant. It is a large release in
the chronpsonme, so it is taking out nore genes than just

t hat .
There is about a 42-fold | oss of virul ence
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in the nouse nodel. |In the nonkey nodel, LD50
couldn't be figured, but it did alter the disease pathol ogy
and the time to death.

Pla has been tested recently, a l|large | oss of
virulence as a single nutation, and as a double nmutant, here
again this is not just loss of Yersiniabactin, but other
genes, as well, froma large chronosomal deletion. This
nmut ant was conpletely avirulent as tested.

The F1 capsul e has been tested a nunber of tines.
Usual ly, there is no change in the LD50, there is an
increase in tinme to death in the nouse nodel, not in the
nonhuman pri nmat e nodel

You will also notice that renenber F1 is supposed
to be anti-phagocytic and that in the lungs, they did see
nore bacteria that seemed to be residing in macrophages
al though it wasn't clear that this was effective in killing
t he organi sns.

So, there are nmany potential virul ence
factors determ nants that haven't yet been tested. The type
1l secretion systemor |ow cal ciumresponse hasn't been
tested at all yet. | think
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al nost all of us that work with any Yersinia would
probably agree it is not going to be as inportant by this
route as they are by the bubonic nodel route, but the fact
is they haven't been tested yet.

The iron transport system Yfe has not been tested
and maybe Feo. There is some indication
fromearly literature that maybe there is nore of
an intracel lular phase here in the lungs, so this, and the
Hmu heme transport system mi ght have some effect in an
aerosol nodel or pneunonic nodel of plague, and al so, the
Psa fibrils pH6 antigen have not really been tested.

So, like |I said, there is not as much work has
been done on the pneunonic nodel. That is changing. Let ne
go over sone of the things | hope | have highlighted here as
potential new subunit vaccine candi dates for a next

generati on.

The first one is Pla protease, and the pluses here
are that it is nore highly expressed at 37 degrees, it has
rol es in adherence/invasi on and spread through the body
ti ssues. The negative
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aspect is Pla antigen was tested and wasn't found
protective. This was done at USAMRIID. | listed
it as unpublished, the data wasn't published. It was a line
in the paper of another vaccine study.

The Psn, outer nenbrane receptor for the
Yer si ni abactin siderophore. Again, the positive for this is
it is essential in the early stages of the disease. It is
hi ghly expressed in vivo because of the iron-deficient
conditions in the host.

The negative here is it is not essential in the
| ater stages. Once you get past the |ynphatic stage and
into the bl oodborne stage, this is not an essenti al

determ nant of virul ence.

There are a nunber of outer nenbrane conponents,
maybe outer nenbrane conponents of the Yfe and Feo
transporters. Again, they are inportant, well, Yfe is
inportant in the |ater stages of the disease. Again, it is
going to be expressed because of the iron-deficient
environnment of the host, and together, these two seemto be
i mportant for intracellular gromh at least in in
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vitro nodel s of macrophage-1like cell I|ine.

The negative here is we haven't identified
any surface- exposed conponent to use as a vaccine
conponent .

Ph6 antigen, the fibrillar subunit again
is highly expressed at 37 degrees under acidic
conditions. Again, we had sort of a contradiction
inits role in virulence, and we are not sure what,
even if it is involved in virulence, what its role
is.

Some studi es have shown initially that you
don't get a good i mmune response to just the native
protein by itself.

W have the Hnhu receptor, again highly
expressed as required for growh intracellularly,
but there is no role in virulence in the bubonic
nouse nodel, and there are a nunber of other
surface-exposed proteins, secreter proteins, outer
menbrane receptors, auto-transporters, a nunber of

adhesins and pili that are encoded in the genone.
| point out two recent papers, a signature-tagged
mut agenesi s, which is going to
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identify factors that are inportant for in vivo
grow h, and there were a nunber of things that were
identified although not many of them were surface exposed.
| think Dr. Titball is going to talk to you about one
nmutation that was identified that m ght be the basis of an
attenuated | yback seinstrone [ph].

Then, M adimr Mtin and others have done a
m croarray analysis to look for tenperature regul ation of
proteins, and they found quite a nunber that are nore highly
expressed at 37 degrees than at 26 degrees. Now, the caveat
here is that we don't know, some of these haven't been shown
to be expressed in vivo or to be inportant in vivo, and so
we are at the very prelimnary stages of identifying these
t hi ngs.

Finally, there is sone cell envel ope
carbohydrates. F1 is supposed to have a carbohydrate
conponent, but that is not really clear yet, then, naybe the
| i po-oligosaccharide--it is called that because it doesn't

have an O antigen on it--at 37 degrees it mght be
I nvesti gat ed.
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Al though | tal ked about the problens with
F1 protein, so the carbohydrate conponent nay have
the sane problens, and also with LOS, isolates that were
grown at 28 degrees did not provide protection in a bubonic
nodel , but that nay have been the wong tenperature, or it
may need to be used in conbination with other things.

So, with that, I will stop and be glad to take any
guestions. [Appl ause.]

DR. STRALEY: Jim

DR. : Do | need to speak into a
m cr ophone?

DR. STRALEY: Speak into a mcrophone for the
audi ence and then I will repeat it.

DR. . Do you have an idea why the Ybt
systemis so inportant in the peripheral route, but not the
l.V. route?

DR. STRALEY: The question is why is Ybt so

i mportant in the peripheral route, but not the intravenous.
DR PERRY: W don't have definitive proof. There
has been a study that has been done



in Yersinia enterocolitica where the systens are
essentially identical that shows that the system
gets expressed in the liver, in the lungs and the
spleen, so it doesn't appear to be a selective
expression problemin vitro.
My current hypothesis is, you know, we
used to think of the host as, you know, the host
environnment, and then there is the environnent out
in the water, but each organ system has different
m croenvironnment conditions, different iron
sources, different oxygen and redox potentials, and
that m ght be the case that the systemis effective
in sone organ systens, but not in others, and that
is nmy best guess so far.
DR. STRALEY: Could you identify yourself. DR
M ZEL: Steve M zel, Wake Forest
Uni versity School of Medicine.
My question is, is there any evidence that with
the LCS, these organisns can take on

phosphoryl choline?
DR. STRALEY: Wth the LCS, can it take on
phosphoryl choline?
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DR MZEL: |In other words, for exanple,
that is thought to be actually a virul ence
mechani sm because of reduced inflammatory responses for the
phosphoryl choline associ ated LOS?

DR. STRALEY: So, does phosphoryl choline reduce
potentially in pestis, reduce inflamuatory responses?

DR, PERRY: | recently reviewed all of the LPS
literature in pestis. | amstill not an expert on it, and I
can get confused easily, but there is no indication that
there is that sort of a nodification.

There are other tenperature nodifications, acidic
envi ronment nodifications, and sone of those do reduce the
i mmune response to the LOS, particularly when you grow at 37
degrees, there is

a reduction in the i mmune response.

DR. STRALEY: While the next questioner is com ng,
Il would Iike to ask, do we feel that we really understand
the nodul atory effect of LOS in disease, the effects on the
host? For exanple, as it may relate to toxicity of other
factors or as an
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adjuvant or literally direct toxicity?

DR. PERRY: So, what is the question
agai n?

DR STRALEY: W don't talk very nuch
about LOS in pestis and LPS, and yet it could be
very inportant, and | amnot sure that we
understand its pathogenicity very well.

DR. PERRY: Right. Mst of the studies that were
done were like in maybe the fifties or sixties, and a couple
studies found that it really, conpared to other LPS's, is
really not very reactive conpared to others, at |east after
t hey have isolated it.

Now, what its role is, obviously, there are
nodi fications that go on through the PhoP/ PhoQ system t hat
tend to hel p other pathogens survive in an intracellular
environnment, and these clearly are having research and
nodi fication, so you are right, there may be nore of a role
for LOS in pestis than anybody has been | ooking at so far.

DR STRALEY: d af.
DR SCHNEEW ND: [ I naudi bl e. ]
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DR. STRALEY: Wile Perry thinks about
this, I will introduce O af Schneewi nd fromthe
Uni versity of Chicago, and he is asking, do you
really need to have sonmething be a virulent factor
fromall routes, and how would this be measured from
t he pneunoni c route?

DR. PERRY: | have not been an advocate of
it has to be essential fromall routes. | think we
are probably a little better although it nay
conplicate matters quite a bit to have subunit
vacci ne that has nore than two conponents.

So, you can have things that will be essential by
some routes, but not by others. Cbviously, the things that
are route dependent aren't going to be good, single subunit
vacci ne candi dates, but | view themas may be inportant in a

m xture of conponents that will help.

Now, | amnot really a vaccinologist, |I don't know
how havi ng five conponents as opposed to two is really going
to conplicate matters for the industry fol ks that are naking
it and trying to get it approved. It also adds a little bit
of
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production if you actually believe there is going
to be sone engineering of these for bioterrorismuse
to have nore conponents than just a coupl e.

DR. STRALEY: | would like to raise
anot her question about one of our favorites, which
is F1. W think of this as being pretty inert, and
in reading the literature, | have the inpression
that we don't actually know what it does.

| am wondering if you could sunmmari ze what
peopl e have said about it just for the audience to
t hi nk about .

DR. PERRY: Well, it is said to be a
| i poprotein capsule that has gal actoli pid
associated with it, but it is unclear whether there is a
gl ycosyl ati on side, whether the galactolipid
that was found decades ago is really a co-contam nant al ong
with the purification process.

As far as its structure, you get a |ot of

different theories on that. Sone of them have it

formng a layer, interlocked |ayer over the organismthat is
quite thick, and in that case, it mght really occlude or

bl ock sone ot her surface
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antigens. It is not clear whether that is going to
be a big problemor not.

There is the systemyou and | were talking
about yesterday where an ol d, what was it, 72 or
somet hing, where it stopped to forma pore, and really, it
is not known what it is doing, forma pore in a phagocyte--

DR. STRALEY: O nodul ate a conpl enent -DR. PERRY

Modul at e a conpl ement was
another one, so | think that is another area we really don't
know how it works. W have been focused on studying how it
is as a vaccine candi date and sonme ot her aspects of
structural access. W really don't know a | ot about it
actual ly.

DR. STRALEY: Question?

DR. FROTH NGHAM  Yes, Rich Frothi ngham Duke

Uni versity.

You are one of the few people in your review who I
have noticed recently tal king about the flea and how far
into the skin it goes, and questions like that.
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Al'l of your nodels, all you tal k about are
subg and | would be interested in your thoughts
about where the flea injects. |Is there any evidence about
factors that mght work intradermally versus subcutaneously?

DR. STRALEY: Rich Frothi ngham Duke University.
The question relates to the flea route and flea bite and
where the flea really injects, and is there a difference in
the virul ence factors' function for intradermal and
subcut aneous.

DR. PERRY: Everything |I know about the flea I
have read, but in the early literature, there seens to be at
| east an argunent back and forth of whether the flea is a
subdural or ID injection. Sone of themseemto actually
have sort of a chewi ng process and they feed froma pool of

bl ood, so is that an intravenous process.
You are right, there nay be differences between

subcut aneous and intradermal. W have al ways done
subcut aneous because they are easier. Probably there needs
to be sonme study that needs to use intradermal. | don't

think there is probably



going to be a lot of difference between the two
woul d be nmy guess. | cannot say for sure.
DR STRALEY: W need to nove on. Thanks, Bob.
Qur next speaker is JimBliska from SUNY Stony
Brook, who is going to tell us about Yop effector proteins
i n di sease pat hogenesis, and where, in the title, | assune
LcrV is included as a Yop.
Jim
The Rol e of Yop Effector Proteins in Disease
Pat hogenesi s
Dr. Janes Bliska
DR. BRI SKA: Thank you, Sue. Thank you to the
organi zers for inviting ne. It is a real pleasure to be
here today.
| guess ny role here is provide an
overview of the role of the Yop effector proteins
in the type Il secretion systemin the

pat hogenesi s of pl ague.

What | amgoing to try and do is relate the role
of the Yop effectors in counteracting
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cyt oki ne production and how that relates also to
the role of LcrV in the process of delivering the
Yops into the host cell and in counteracting
cyt oki ne producti on.

| just want to mention one thing, which is
that a lot of the experinents that I am going talk
about, and the nodels that have been devel oped, are
based on experinments done with the enteropathogenic
Yersinia, and just as was nentioned by Bob, not as
much has been done in this area with Yersinia
pestis.

Al though | think the general processes are
conserved, | think it is inportant to keep in mnd
that there could be subtle differences between
pl ague pat hogenesi s and t he enteropat hogenic
Yersinia in terms of how the Yops and LcrV
function.

Let nme just introduce you to the virul ence

plasmd. It is also known as the Lcr plasm d and

In Yersinia pestis it is called pCDl, that encodes the type
1l secretion system and at 37 degrees, the operans in the
plasm d are expressed and it
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assenbles a type Il secretion system which is
nodel ed here.

The structure consists of a conpl ex basal
body-1i ke structure which spans the bacteri al
envel ope and then a rigid needle or structure which extends
fromthe surface of the bacterium

Now, the substrates that are secreted by the
system are synthesized in the bacterial cytoplasm There
are signals in the proteins which allow themto be
recogni zed by the secretion
system There are protein signals in the N-term nus of the
protein, as well as signals
recogni zed by chaperone proteins, which direct them
to that secretion system

Sone of these secreted substrates al so

have a signal in the nRNA as shown by QA af

Schneewi nd, which is also involved in targeting these
proteins to the secretion system and as | nentioned, the 37
degrees, the systemis expressed, the type Ill secretion
systens are assenbled, and in response to host cell contact,
the Yops and the LcrV protein are secreted.
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Also, invitro, if you chelate cal ci um
ions, the Yops and LcrV are secreted into that
bacteri al nedia.

This is a nodel of how people envision the
type |1l secretions have been working during
bacterial host cell contact. This is a thin section end of
a macr ophage phagocyt osi ng Yersi ni a pseudot ubercul osi s, and
if we could focus in on a region right where the bacterium
is in contact with the macrophage in a nascent phagocytic
cup, we would envision the follow ng events are happeni ng.
The type |1l secretion systemis assenbl ed
in the bacterial envelope. The bacterium also has proteins
on its surface which are recogni zed by receptors on the
macr ophage, and they can sinply enter a pathogenic Yersinia,
t hey have the adhesions, invasin, and you add A which are
recogni zed by integrin receptors, and this nediates

phagocyt osis of the bacterium

I guess in the case of plague or Yersinia pestis,
it is, in m opinion, the nost |likely proteins that nediate
phagocyt osi s are conpl enent
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proteins, such as C3BI, which would be present on
the surface, and those woul d al so nedi ate integrin-nedi at ed
phagocyt osi s.
The substrates, the Yops and LcrV are
synt hesi zed in the bacterial cytoplasm and then
upon cl ose contact, the macrophage to the bacteri al
cell, the type Ill secretion systemis activated,
there is HP hydrolysis to drive secretion.
Probably the first proteins to be secreted
are Yop B and D and LcrV, because these proteins
appear to be required for the transl ocation
process, and there is evidence that Yop B and D actually
forma pore in the plasnma nenbrane of the macrophage.
Perhaps this pore is connected to the needl e, and the Yops

and LcrV are then secreted through the system

The effector Yops, which are shown in green, are
delivered into the macrophage cytosol. LcrVis a very
interesting protein in this respect, because it is not only
required for the translocation process, but it has been
detected in the cytoplasmof the host cell, and also it has
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been detected in the extracellular mlieu of
infected cells.

So, | think it is fairly unclear at this
poi nt exactly where LcrV is localized during
infection, and if it is localized in different environnents,
what is its role in those different environnents.

Once the effector Yops are delivered into the
macr ophage, they target several key response pat hways, and
it is pretty well established that in cultured cel
i nfection nodels, that the two prinmary targets of the Yops
are the phagocytic pathway of the nacrophage and al so the
cyt oki ne response of the macrophage.

The idea that | want to get across today is that
in ny opinion, | think the ability of the Yops to counteract
cyt oki ne production may be nore inportant in disease

pat hogenesis than the ability to counteract phagocytosis.

So, this just illustrates the ability of the type
1l secretion systemto counteract cytokine production in
macr ophages. This is an
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experinment done with three different strains of
Yer si ni a pseudot ubercul osis, a wild type strain which under
| ow cal cium conditions secretes all of the Yops shown in
this STS page gel, a type Il secretion system nmutant which
secretes no Yops in lane 2, and a nutant which is only
detected in YopB, is mssing a single protein YopB here, but
it secretes all of the other proteins including LcrV.

When macrophages are infected with these
nmut ants, and we measure TNF-al pha ELI SA, we observe that the
wild type strain suppressed TNF rel ease. The two nutants did
not suppress TNF rel ease, and, in fact, the YopB nutant was
nost effective in this response.

So, this told us that the ability of the bacterium
during macrophage infection to deliver the effectors through
the translocation machinery was critical for the organismto

count eract cytokine production.

W went on to show that the YopJ proteinin this
particul ar systemwas very inportant for counteracting the
expressi on of cytoki ne nmRNA.
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| think it is inportant to consider that
this is really just an in vitro system and we
don't really know what Yops are critical for counteracting
cyt oki ne production in vivo during infection. | think it is
very possible that nmultiple Yops play a key role in
counteracting cytokine production.

To think about this in a very sinplified manner,
we considered the different response pathways that are
activated in the nacrophage during Yersinia infection, and
obvi ously, these are the response pat hways that the
bacteriumwants to counteract.

In this very sinplified nodel, we think that there
are three nmjor processes associated with the infection that
stinul ate responses in the nacrophage.

The first would be conponents of the bacteria
surface, such as |ipopolysaccharide, which will stimulate

TLR- 4 signaling to produce proinflammatory cytokines.
Anot her process woul d be the phagocytic
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process itself. | have shown here the invasin
protein mediating phagocytosis, but | think in the case of
Yersinia pestis, conplenent-nediated phagocytosis woul d pl ay
this role.

This is known to stinulate cal cium signaling which
can play a role in the ability of the nmacrophage to, say,
generate superoxi de response or to fuse |ysosones with the
phagosone. It al so generates the phagocytic response. It
has al so been shown to stinulate cytokine production.

Finally, the act of delivering the Yops
t hrough the pore induced by YopB and D al so can stimulate
cyt oki ne production, as we have shown recently.

| think you can see that there are | east three
maj or pat hways that the infection will stinulate a response
in the host cell, and all three of these pathways w ||

potentially generate proinflamuatory cytokine responses.

In response to the delivery of the effectors into
t he macrophage, we envision the next step is the action of
the effectors to counteract
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t hese responses. So, as | nentioned, there are 6
known effectors: YopO which is a serine treating
ki nase; YopH is a protein tyrosi ne phosphatase;
YopMis a leucine-rich repeat protein. It is the
only Yop that doesn't seemto have an enzynatic
activity, but it seens to play a role as a
scaffol ding protein, and as Sue Stral ey has shown,
al so localizes to the nucl eus of the host cell

The other 3 Yops are al so enzynes. YopT
is a protease. YopP, also known as YopJ, is a
prot ease, and YopE is a GIPase-activating protein,
whi ch downregul ates nmultiple Ro GIPases.

To sort of categorize the effect of the
di fferent Yops on host responses, | amjust
presenting responses that are targeted by the Yops
underneath each nanme to try and sinplify this, and
| am using a col or-coded schene to try and
illustrate processes that are either unique to a

given Yop or that affect cytokine production.

As you can see, there is quite a bit of redundancy
in ternms of how Yops counteract phagocytosis. So, 4 Yops
have been shown to
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counteract phagocytosis: YopO YopH, YopT, and
YopE.

On the other hand, sone Yops clearly have
uni que functions, for exanple, YopH is the only Yop
that counteracts calciumsignaling. YopMis the
only Yop that has been shown to | ead to depletion of
NK cells in vivo, which has been recently shown by
Sue Straley's lab, and YopP is the only Yop that
seens to inhibit the survival response of
macr ophages, which can | ead to apoptosis.

Finally, as | nentioned, there is evidence
that there are three Yops that can counteract
cyt oki ne production: YopH, YopP, and YopU

When we | ook at the enteropathogenic Yersinia, and
we consider which Yops are really inportant for pathogenesis
in a nouse nodel of infection, it seens |like those Yops that
have uni que functions or that counteract cytokine production
seemto be the nost inportant, and those are YopH, YopM and

YopJ, as well as YopU
This, | think is nicely illustrated in this recent
experi ment published by Jurgen
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Heesemann's group where they tested a panel of
i ned Yop nutants in a nouse infection assay with Yersinia enterocolitica, and
3y were neasuring colonization of the spleen over tinme after an oral
ection.

What they observed was that a YopH and a YopM nutant were the nost
ective. The bacteria basically never reached the spleen. The YopE mnutant
1 the YopP nmutant were partially attenuated in that they reached the spl een,

then were elimnated fromthe tissues by the inmune response.

Then, on the other hand, the YopT nutant and the YopO nutant were
sentially as virulent as wild type, so that these Yops, at least in this
ection nodel, are not required for pathogenesis.

So, just to drive the point home again,
nk that the Yops that have unique functions, such as YopH and YopM and those
it count eract cytokine production seemto be the nost inportant for

hogenesi s in this nodel.
To now turn to the idea of what is the
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protected i nmune response to Yersinia, | just want
to briefly go over the evidence that a T

Hl response
is protective. It has been shown by severa
groups, Bob Brubaker's group and Angl
Otenwight's group, that 3 cytokines, interleukin-12,
i nterferon-gamm, and TNF-al pha are protective
in the nmouse nodel of infection.

IL-12 is secreted by dendritic cells and

macrophages. It drives the differentiation of T

cellsinto T Hl cel |l s.
will also activate NK

cells to secrete interferon-gamma. |Interferon-ganma

activates nmacrophages, and TNF-al pha is a
pl eotrophi c cytokine, but one of its major roles is
to activate macrophages.
So, this sinple nodel from Janeway's
| mmunobi ol ogy illustrates the role of activated
macr ophages in elimnating facultative intracellular
bacteria in a naive macrophage that is infected with

bacteria that reside in vacuoles, that is unable to

kill the intracellular bacteri a,
If it can present antigento a T
Hl cell, activates
the T Hl cell to

secrete | arge
anount s of
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interferon-gamma. This activates the macrophage
and allows it to elimnate the intracellul ar
or gani sns.

This is a classic experinment from
Brubaker's | ab, which he showed that TNF-al pha and
i nterferon-gamua together are protective agai nst
Yersinia pestis.

So, he was primng mce with either TNF-al pha or
i nterferon-gamma, or different
conbi nations thereof, and then chall engi ng them
intravenously with a | ethal dose of Yersinia
pestis. Wen you use either TNF-al pha al one or interferon-
gamma al one, there was little protection. However, when you
conmbi ned both cyt oki nes, there was conpl ete protection

against lethality.

He al so neasured col oni zation of the bacteria in
the spleen. This was an intravenous chall enge nodel, and
the spleen is one of the mpjor sites of bacterial
replication in this nodel, and he observed that in the
unprinmed mce, the bacteria replicated in the spleen very
wel |, eventually
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killing the mce.
On the other hand, the mice prined with
t he cytokines, both interferon-ganma and TNF- al pha,
there was initial replication of the bacteria for a couple
of days and then the replication plateaued and eventually
the infection was cl eared over tine.

When he di d histopat hol ogy, he observed
that the wild type strain were the classic necrotic |esion
consi sting of these necrotic foci with extracellular
bacteria and poorly populated with inflammtory cells.

On the other hand, in the primed mce, he observed
granul oma formation suggesting that granul onas were
controlling the infection and elimnating the bacteri a.

In my mnd, this creates a paradox that has been
present in the Yersinia pathogenesis field for sone tineg,
and that is: How can activated nacrophages protect if

Yersinia are exclusively extracellul ar pathogens?
| have been thinking about this for a while and I
think there are three observations that
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are really inmportant in this context. First, is
that all three pathogenic Yersinia are not fully
anti phagocytic at early stages of infection, and this was
shown first for Yersinia pestis in 1959. So, this is both
true in vivo and in vitro that even organisns that are
produci ng Yops will be phagocytosed by nacrophages.

The second observation is that at | ow
multiplicities of infection, Yersinia do not kil
macr ophages by apoptosis, and | think that | ow
multiplicities of infection are the conditions that are
likely to be encountered at an early stage of the infection
process. | think this was first shown actually by John
Goguen in 1986.

The | ast observation is that it is well known, as
Bob nmentioned, that Yersinia can survive and replicate in
nai ve macrophages. This was shown by Cavanaugh in 1959 and
by Sue Straley in 1984.

So, recently, we have gone back to | ook at

the role of intracellular replication in Yersinia

pat hogenesis, and this just illustrates a typical exanple,
Yersinia pestis replicating in primry



71

muri ne macrophages that are nai ve nacrophages,
bacteria are | abeled with GFP, and you can see that
after a 24-hour infection that GFP-positive
bacteria are replicating just fine in these
macr ophages, and it is inportant to point out that
t hese infections were done under conditions in
whi ch the bacteria were produci ng noderate | evels
of Yox during the uptake process into the
macr ophage.

Interestingly, also, we have shown t hat
all three pathogenic Yersinia species can survive
and replicate in naive macrophages, so that
i ncl udes Yersinia pestis, Yersinia
pseudot ubercul osis, and Yersinia enterocolitica.
So, | think all three should be consi dered
facultative intracellul ar pathogens.

So, the solution to the paradox in ny mnd is that
activated nacrophages are protective

because they can elimnate the intracellular
Yersinia and drive a T
Hl response.
Also, | think that LcrV and Yops function
together to counteract production of activated



macr ophages, and they do this by elimnating
proi nfl ammat ory cyt oki ne production in vivo.

So, if this nodel is correct, you would
have to assune that macrophages prined with
i nterferon-gamma woul d not allow intracellul ar
replication, and that is exactly what this
experinment shows. |f you prine your macrophages
with interferon-gamma, and then infect themwth
Yersinia pestis, there is no intracellular

replication

Al so, you woul d have to say that virul ence

pl asm d woul d absolutely be required for

counteracting cytokine production in vivo, and this

has been shown by Bob Brubaker's group, as shown in

this experinment, in which he was infecting mce

with either a plasmd-cured strain or a wild type strain,

and then measuring cytokine production in spleens over

di fferent days.

When he infected wwth the plasm d-cured strain,
saw these rapid spi kes in cytokine production that then
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he

di m ni shed over tinme. Production of both interferon-gama in

t he open
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circles and TFN-al pha in the closed circles.

On the other hand, when he infected with
the wild type strain containing the virul ence
pl asm d, hapl otype 3 secretion system there was no early
rise in the cytokine levels, and only when the mce started
to die was TNF-al pha produced at sone detectable |evel.

Bringing all these observations together, we
devel oped this nodel, which we used to base our experinents
on, and it shows a Yersinia bacteriumentering into a
generic tissue, such as a |ynph node, and under these
conditions it starts to produce the Yops at noderate |evels
in response to the host tenperature.

Now, the classic concept of Yersinia pathogenesis
is that if it cane into contact with nacrophages, it would
secrete the LecrV, be fully antiphagocytic, and enter into an

extracel lul ar phase of growh in these necrotic |esions.

However, we believe that, in fact, at early stages
of infection, even though the organismis injecting the
LcrV, they are internalized into
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t he macrophage, into phagosones.

Howeve, by secreting the LcrV, we believe
that they counteract the production of
proi nfl amat ory cyt oki nes, such as TNF-al pha and
interleukin-12, and this prevents NK cells from bei ng
activated to secrete interferon-gamm.

Al so, as Sue Stral ey has shown, YopM
causes depletion of NK cell populations in vivo, and this
woul d further prevent the production of interferon-gamm.

As a conseguence, the nacrophage is not activated,
the bacteria can replicate
intracellularly, and then escape the nmacrophage to enter an
extracel l ul ar phase of gromh in these necrotic |esions
where it can be at high nultiplicities of infection, and
under these conditions, it can inhibit phagocytosis by

neutrophils and al so cause apoptosis in macrophages.

On the other hand, if you infect with a strain
| acki ng the virulence plasmd, so it is unable to secrete
the LcrV upon contact with the



macr ophage, the organismwould be internalized, as
wel |, but under these conditions, the
proi nfl ammat ory cyt oki nes are produced, NK cel
| evel s are not depleted, lots of interferon-gama
i s made, the macrophage becones activated, it kills
the intracellular organism presents its antigens
to THL cells.

This results in nore activation of
macr ophages, and the formation of granul omas, which
will elimnate any extracellul ar bacteria that are
present in the tissue.

So, then to finish up, | just want to
di scuss the role of LcrVin this process. It is
obviously a very interesting protein, it's
multifunctional. 1t has been known to be a
protective antigen for some tinme. Sue Straley's
lab first showed that it regulates type II
secretion system Bob Brubaker's |ab showed t hat

it induces interleukin 10.

Several groups, including Sue's, has shown that
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It

Is required for actually translocation of the Yops into the

host cell, and then nost
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recently, Jurgen Heesemann's group provided
evidence that it stimulates toll-like receptor 2 in
conjunction with CD14 to produce interleukin 10, so it seens
to be actually a ligand for TLR2- CD14 receptor conplex.

Now, this is the structure of LcrV, which has
recently been solved by David Xu's group. It is a dunbbell-
shaped nol ecule with a | ower | obe and an upper | obe, and
these are linked by the handle, which is a coil ed-coiled
donai n.

Now, as | nentioned, it has been known to be a
protective antigen and al so anti bodi es directed against LcrV
have been shown to be able to protect mce by passive
i mruni zation, and under these conditions, interestingly, Bob
Brubaker's group al so showed that the m ce would produce

cyt oki nes when they were passively protected.

So, for exanple, in this experinent, he infected
mce with a wld type strain of Yersinia pestis after they
had been passively imunized with polyclonal anti-LcrV
anti bodi es, and then he neasured interferon-gamm and TNF-
al pha in the



spl eens of mce, and under these conditions, when
LcrV activity was neutralized, there were spikes in
cyt oki ne production in the nouse tissues,
suggesting sinply by neutralizing LcrV activity,
you coul d counteract the bacteriumstrategy to
prevent cytoki ne production.

Now, sone functional regions of LcrV have
been characterized. This work has been done in Bob
Brubaker's group and Dr. Titball's group by Jim
HiIl, and al so some work has been done in Jurgen
Heesemann' s group.

This is general structured LcrV. It's a
326 anmno acid protein, and two regions have been

identified that contain protective epitopes.

Region | seens to have minor protective epitopes that
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corresponds to am no acids 2 through 135, and it corresponds

to the upper | obe of the dunbbell in this nodel which is

shaded in yel |l ow.

Interestingly, Heesemann's group has shown that a
smal | peptide, residues 31 through 49, can recapitulate the

ability of this proteinto stinmulate IL-10 production in

macr ophages.
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Interestingly, this peptide corresponds to this
smal | al pha helix on the upper | obe of the
dunbbel I .

The other region is called Region Il. Its
residue is 135 to 275, and it seens to contain the
maj or protective epitopes. It primrily
corresponds to the | ower |obe of the dunbbell here,
as well as part of the coiled-coiled domain.

For exanpl e, nonocl onal anti bodi es that
are directed agai nst Region Il epitopes devel oped
in Dr. Titball's | ab have been shown to passively
protect mce, and al so work has been done with this
nonocl onal antibody to show that it can neutralize
the Yop translocation function of LcrV.

So, in ny mnd, the fact that Region I
contains the major protective epitopes and
anti bodi es directed against this region can bl ock
the Yop translocation function of LcrV, neans that
this region is absolutely required for Yop

transl ocati on function in LcrV.
So, to put this into our sinplified nodel, we
envision that there are two roles for LecrVin
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counteracting cytokine production. W call one the |ong-
range mechani sm and the other, the short-range nechani sm
The | ong-range nmechani sm woul d i nvol ve
secretion of LcrV into the extracellul ar
environnment during infection. If it binds to bystander cells that express
TLR2, that can lead to IL-10 production.

The short-range nechanismis its required function for Yop
transl ocation where it delivers the effectors, several of which also wll
directly counteract cytokine production in the target host cell.

Ant i bodi es directed against the different regions of LcrV would
neutralize these two functions in different ways, so Region | antibodies
woul d neutralize the | ong-range nmechanism preventing |IL-10 production,
and Region Il antibodies would neutralize the Yop translocation function

of LcrV.
To summari ze, what | have provided is evidence that Yops
function in concert with LcrV to



target several key inmune response pathways in
macr ophages.
W believe that this set of proteins

function to counteract cytokine production to
prevent the developnent of a T

Hl response in
activated macrophages, and that antibodies directed
to Regions | and Regions Il of LcrV will neutralize
distinct functions. Region | wll neutralize IL-10
I nducing activity, and Region Il antibodies wll
neutralize the Yop translocation function of LcrV.

I wll stop there and | would be happy to
answer any questi ons.

[ Appl ause. ]

DR. NATARO Jim Nataro, University of Maryl and.

[ I naudi bl e. ]

80

DR STRALEY: Jim Nataro, University of Mryl and.

So, the question has to do wth what is nore inportant, to
I nduce interferon-gamma or antibody, TH 1 versus TH 2
anti body agai nst B.

DR. BLISKA: It is an area that | am not
real confortable addressing, but | would say that
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what is inmportant is a vaccine that generates
anti bodi es that effectively neutralize both
functions of LecrV, and if | had ny choice, | would
pi ck anti bodi es that neutralize the Yop
transl ocation function of LcrV.

| don't think it really matters what
i mmune response drives the production of those
anti bodi es.

DR. STRALEY: | would like a follow-up.
So, do you think that it is inportant--just from
now a vacci ne standpoint, we are going to stick
this in people--that it is inmportant, that it m ght
be val uable or inportant to toxoid V in sone way?

| nmean if it is good enough to do the Yops
transl ocation part, would it be satisfactory to use an
internally truncated V, for exanple, that
doesn't do the IL-10 thing? Wuld that be better than
putting the whole V in?

I know that people, who are going to tal k about
the vaccines, will address the extent to which they are

t oxi c.
DR BLISKA: That is a good question.
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have | ooked at this a little bit, and I think what
has been shown by Bob Brubaker's group is that if
you inject LcrVinto mce, and then neasure cytokine
production, yes, you do get IL-10 produced, but you
al so get sonme TNF-al pha and interferon-ganma
produced, as well.

So, | don't think injecting purified LcrV,
whi ch presumably can induce IL-10 production, is
goi ng to danpen the i mune response, because |
t hi nk you al so get proinflanmmtory cytoki nes produced at the
sane tine.

So, | think the evidence is pretty strong that the
full length protein works perfectly well as a vacci ne.

DR MZEL: Steve Mzel, Wake Forest. [l naudible.]

DR STRALEY: Steve M zel, Wake Forest. The issue
is what about epithelial cells which are really prom nent,
and | mght add endothelial cells, what about the effects on

cyt oki nes by these cells?
DR BLISKA: It is a good question. W
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have done sone experinents with epithelial cells,
and in that nodel system it is clear that nultiple
Yops are required to counteract cytokine
producti on.

In terns of how Yersinia pestis affects
t he pneunocytes in the lung, | think Sue could
address that naybe nore directly in that | think
she has shown that pneunocytes could play a role in
actually harboring the organism The organi sm
m ght be able to invade into the pneunobcytes using
the Pla protease, but | think it is an area that
just needs nore work.

DR. ZYGHER: Norm Zygher, Centers for
Di sease Control.

Il will extend that question further. What is the
role of Yops and LcrV on dendritic cell function and
regulation of 1L-10 and IL-12 considering that dendritic
cells are probably first-line responders in skin, and al

the focus so far has been on macrophages.
DR. STRALEY: Norm Zygher, CDC. The issue is
effects on dendritic cell cytokine production.
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DR, BLISKA: It is a very, very inportant
question. To nmy know edge, there has been just a
coupl e papers published on Yersinia enterocolitica
interaction with dendritic cells, and virtually nothing has
been published in ternms of Yersinia pestis interaction with
t hem or Yersinia pseudotubercul osis for that matter. So, it
is a conplete black box, but | think it is extrenely
i mportant.

DR. FRI EDLANDER:.  Art Friedl ander, USAMRI I D.

[ I naudi bl e. ]

DR STRALEY: | will summarize this. The first
was a comment from Art Friedl ander relating to previous work
by Allen Sanple and their group, that Pla may have effects
on proinflammtory cytokines. Specifically, what effects
did you say?

DR. FRI EDLANDER: Degr aded.

DR STRALEY: Directly degraded, for exanple,
i nterferon-gamma. The other one has to do with interactions
wi th phagocytic cells. So, the issue is once you have the
bacteria coded with fraction 1, is the type Ill secretion
system even
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relevant. | mean do we need to worry about this,
and how does that inpact our thinking in relation to vaccine
devel oprment, because we have to consider possible exposure
to a fraction 1 negative, as well as fraction 1 positive.

DR. BLI SKA: Yes, | think the observation about
Pla in cytokines is inportant to follow up, and in ternms of
the capsule, | think during a natural infection with a wild
type organism it probably really is inportant at late
stages of infection, when it is being produced in |arge
gquantities, to inhibit phagocytosis, for exanple.

But the issue is if you nake a cath 1
knockout, that strain is still virulent, so in the absence
of the cath capsule, in our opinion, the type IIl secretion
systemstill has the donminant role in counteracting these

responses.

DR. FRI EDLANDER: | am just suggesting that it has
i nplications as to where and when tenporally it may be
affected, but the other point is that one m ght conceivably
deliver what was al ready encapsul at ed.
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DR. BLISKA: This is one thing that | have
t hought about, is when you think about how soneone
is going to grow Yersinia pestis before they aerosolize it
in sonme type of attack. It mght have huge effects on the
out come, whether the organismis going to grow 27, 28
degrees. |If you grow the organismat 37 degrees, you then
have to store it for a while before you can aerosolize it,
so howis that going to affect the outcone.

DR. STRALEY: This is unpublished data, but we
have done sonme experinments that indicate that antibody
agai nst V doesn't have any effect very early on. |If you
l ook in the first 6 hours of
i nfection, antibody against V, in terns of col ony-formng
units viability, it has no effect. It is
doi ng other things, | am sure.

So, | think this is alnost noot that NV
is going to protect no natter what state the bugs
are in.

DR FRI EDLANDER: But that has

i mpl i cations about how the anti-V works.
DR STRALEY: OCh, yes, it does.
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DR. SCHNEEW ND: [ I naudi bl e. ]
DR STRALEY: W have a comment with O af
Schneewi nd fromthe University of Chicago playing
> rol e of Bob Brubaker. He wanted to enphasize the
runosuppressi ve effect of V. Then, have Region | and Region |
:n separated experinentally.
DR. BLISKA: No, | don't think it has.
» only evidence that | am aware of that has been published is
s Heesemann publication with the peptide.
DR. STRALEY: | thought that Bob's first studies were
ually with a truncate. It was with V that is |lacking the first
am no acids, so it would |ack that inmunoregul atory part.

DR. SCHNEEW ND: [ naudi bl e.]
DR. STRALEY: So, the comment, and this is true, it has
actually been formally proven what the anti bodies are
1M biting, whether they are inhibiting the i nmune nodul atory
ect of Vor the type Ill secretion aspect, and that is | think a
'y inportant question.
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Next questi on.
DR. SRl RANGANATHAN:  Nammal war
Sriranganat han from Virginia Tech. [Inaudible.]

DR. STRALEY: The question is given the
| nportance of T

response, have we thought
about in vivo expressed antigens as imune targets.

DR BLISKA: It is a good question. As
far as I know, no one has been able to identify
sonet hing that m ght be expressed in vivo that functions as
a peptide to provide cell -nediated i nmunity agai nst Yersinia
pestis.

It is conceivable that LcrV could be

)cessed, and processed and presented by antigen-presenting cells

i ng

I nfection, and that
obviously, if it generates a response, it could be
protective, but | don't think there is anything

known about what candi dates you would want to | ook

at .

DR. STRALEY: People have even | ooked for
CD8 epitopes on sonme of the Yops, |ike YopH, so
potentially, although YopH is not protecti ve because
it is sequestered, nonethel ess, a presented
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epi tope m ght be inportant.

DR BLI SKA: There has been sone work done
on YopH Those were clearly nonphysi ol ogi cal
experinents that led to the identification of that epitope.
It wasn't generated during a national infection, for
exanpl e.

So, in terns of what might be generated during a
national infection as a protective
epitope, | don't know of any.

DR. STRALEY: Last question? John.

DR. GOGUEN: John Goguen, University of
Massachusetts Medi cal School. [Inaudible.]

DR. STRALEY: This was John Goguen fromthe
Uni versity of Massachusetts, and he is enphasizing the
i nadequacy of our database, that nost of the work has been
done with avirulent nodels, avirulent strain nodels or
conditionally virulent strains, so we need to take that
precaution, and nuch nore work needs to be done on the
virul ent strain.

DR BLISKA: | would agree.
DR. STRALEY: That concludes this session.
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[ Recess. |

Session 2: Plague Vacci nes and Assessnent
of | nmune Responses Modderator: Dr.
Conrad Qui nn

DR. MEYSI CK: The next session is Plague Vaccines
and Assessnent of | mmune Responses. The noderator for this
session is Dr. Conrad Quinn of the CDC at Atl ant a.

DR. QU NN: Good norni ng, everyone, and wel come to
Session 2.

In this session, we have three speakers. Qur third
speaker and | ast speaker of the session is Dr. Sue Wl kos
fromthe Bacteriol ogy D vision, USAMRI I D, Frederick. She
will be speaking this norning on assays to establish

correlates of protection

Qur second speaker is Dr. Diane WIIlianmson, Senior
Scientist at the Defence Science and Technol ogy Laboratory.
Dr. WIlianmson's background is on vaccines with particul ar
enphasi s on protective and i mune responses to plague and
al so anthrax, and she will be speaking this norning
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on the role and attributes of cell-nediated
immunity in conferring protection agai nst plague.

Qur first speaker this norning in this
sessionis Dr. Rick Titball, from M crobi ol ogy at
t he Defence Sci ence and Technol ogy Laboratory,
Porton Down. Dr. Titball works nmainly on the
nol ecul ar basis of bacterial disease with speci al
enphasi s on vacci nes and nedi cal counterneasures.

This nmorning he will be speaking on
vacci ne design and rational e.

W will start this session with Dr.
Titbal | .

Vacci ne Design and Rational e
Dr. Richard Titball

DR. TITBALL: Good norning. It is a pleasure to
talk to you this norning mainly about the work we have been
carrying out at Porton over the past 10 years or so to

devel op and i nprove pl ague vacci ne.

For those of you who are |ooking at the handouts,
| just warn you that | sent ny presentation to you in two
hal ves actually, because
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it was too big to go through the server here, and
it seens to have been reconbined in an
i nappropriate way, so the first half of the presentation is
now at the back of that pack, and the last half is at the
front.

So, starting off by just talking a little bit
about plague. Plague is still a disease, which is of
concern worl dwi de. These are countries that reported pl ague
during the period 1970 to 1995, shown in yellow, and
probabl e foci of disease, shown in red.

There are sonmewhere around 2 1/2 thousand cases of
pl ague that are reported to WHO each year. So, it is a
di sease that occurs worldw de albeit in a pretty scattered
way. There are sporadic, occasional cases of disease in

various parts of the world.

But, of course, the reason that we are here today
Is to think about Yersinia pestis as a biowarfare and
bioterrorismagent, and this is actually a cutting from one
of the Sunday newspapers in the UK, and it was a cutting
t hat was
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taken froma paper printed at the end of the 1990s.

What they did is predicted sone of the

scenari os we mght see worldwide in the 21st

century, and one of the scenarios they predicted is that

maybe bi ol ogi cal warfare agents woul d be used sonewhere in

the U S., and | guess, chillingly, that turned out to be

remar kably close to the truth.

So, we are here today to tal k about Yersinia

pestis as a biowarfare agent and how we m ght protect

agai nst that, and, in particular, | guess how we ni ght

devi se vaccines to protect agai nst di sease.

If we think nore wi dely about the

popul ations in which those vaccines m ght be used and/or

tested, obviously, at the nonent, we use plague

vacci nes

particularly in research, in | aboratory personnel who m ght

be exposed to the bacteria, but there are other
around the world where potentially we m ght use
vaccines in the future if they becone avail abl e,
vacci nes.

popul ati ons
t hese
i mpr oved
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In particular, of course, what we are
focused on today is the mlitary and civilian
popul ations that m ght be i muni zed.

So, what | thought | would start off by
doing is thinking a little bit about existing
vacci nes agai nst plague, what are they, how do they
wor k, what is the evidence that they are effective
or ineffective as the case may be, and then nove on
totalk alittle bit about the prospects for
i mproved vacci nes agai nst pl ague.

So, starting off with existing vaccines.
There are essentially tw types of existing
vaccine, a killed whole cell vaccine, which is
prepared by either heat or formal dehyde
i nactivation of whole Yersinia pestis cells, and
those killed whole cell vaccines are given as
nmul ti pl e dose vacci nes over a period of several
nont hs, and t hose vaccines are actually used today
to i nmuni ze | aboratory workers and sone ot her

sel ected at-risk populations in the Wst.
There are live attenuated vaccines |ike EV series
vacci nes, typified by EV76, and those
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vacci nes have been used nainly in the former Sovi et
Uni on and in Madagascar, and they are not |icensed in Europe
or the USA, and they have not been used to i muni ze hunmans
in Europe or in the USA.

So, thinking about those two types of vaccines,
killed whole cell vaccines, a remarkably | ong kind of
hi story associated with these vaccines, first devised in
1896, when Haffkine was sent to Bonbay to investigate the
out break of plague in that area, and he devised a killed
whol e cell vaccine, and remarkably, he actually tested it on

himself to prove that it was safe.

So, that was the first killed whole cell vaccine,
and there have been a whole kind of sequence of killed whole
cell vaccines, which all basically contain the sane ki nd of
preparation starting off fromthe Haffkine vaccine in the
| ate 1800s through to the so-called "Arny Vaccine" which was
devel oped by the U S. Arny, and then various comercially
avai |l abl e vaccines |ike the Cutter vaccine and then the
Greer vaccine, and currently, the only killed whole cel
vacci ne which is
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avai l abl e is the vacci nes produced by the
Conmonweal th Serum Laboratories in Australi a.
As | nentioned, all of these vaccines
basically contain the same preparation. They
contain killed Yersinia pestis bacteri a.
The i mruni zati on schedul es for these vaccines are
ghtly different, but basically, they all required a series of
runi zations over a period of 6 nonths. So, in the case of the
rer vaccine, this was the i mmuni zati on schedul e | eading to ful
runity at the end of 6 nonths.
In the case of the CSL vaccine, it's initially a two-dose
runi zation regine followed by 6 nonthly boosters, so these are
:cines that need to be given repeatedly to apparently naintain a

tective level of immunity.

| guess the real critical issue, the really critical
sue is what is the evidence that any of these vacci nes work or
it they don't work, and the best evidence, aside from ani mal
erimental data, the best evidence that killed whole cells
:cines work cones fromthe use of
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this vaccine during the VietnamWar in U S
servi cenen.

There is quite a conpelling set of data
that indicates that inmunization of U S. servicenen
mar kedl y reduced the incidence of bubonic plague in those individuals.
So, in this study, what they did is conpared the incidence of bubonic
pl ague in inmmuni zed servi cenen conpared with Vietnanese civilians in and
around the sane area.

What they showed was the incidence of bubonic plague in the
Vi et nanese was around 333 cases per million person years. In contrast,

t he i ncidence of plague in vaccinated U S. servicenen
3 1 case in 10

/ears, so a remarkabl e reduction
in the incidence of plague.
Now, of course, there m ght be other

reasons that explain that reduced inci dence of
pl ague, but for nme, the really inportant issue is
that they | ooked at the incidence of nurine typhus,
which is spread by the sane flea vector, and they
showed that the incidence of nmurine typhus was
roughly the sane in these two popul ati ons.
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So, clearly, these peopl e were being
exposed, potentially exposed to the bacteria, but
t hey appeared to be protected. So, that is probably the
best, that piece of data you will see indicating that killed
whol e cell vaccines actually do work in human popul ati ons.
The ot her evidence really conmes from ani ma
studi es, and you can protect various aninal species wth
killed whole cell vaccines against Yersinia pestis
chall enge. One of the tests that was specifically devel oped
to enable the licensing of a killed whole cell vaccine was a
so-cal l ed nouse protection test, and it is a relatively
sinple test.
Al'l you do is take sera fromimuni zed ani ma
speci es whet her they be nmice or guinea pigs or nonhuman
pri mates or even humans, and passively transfer that sera
into mce and then chal |l enge t hem subcut aneously with 100

M.D of Yersinia pestis.
There was a nice little fornula that was derived
for calculating the so-called Muse



Protection I ndex where you | ook at the percent
nortality of that group of mice over 14 days,
divide that by the average tine to death, and
anything that is less than 10 is considered to

i ndicate an acceptabl e | evel of protection.

So, the Mouse Protection | ndex test was

used extensively for batch rel ease of various
bat ches of killed whole cell vaccine produced in
the U.S. over the past 10 or 20 years or so.

So, there are various bits of evidence
that killed whole cell vaccines do work, that they
do protect agai nst a subcutaneous challenge with
Yersinia pestis. Conversely, there is evidence
that they don't work very well as pneunonic pl ague.

Agai n, there are various pieces of
evi dence pointing towards that. There are a nunber
of docunented cases in the open literature by
peopl e who have been i muni zed with killed whol e
cell vaccines have contracted and devel oped
pneunoni ¢ pl ague, and there are a nunber of anim

st udi es.
This is an exanple of an ani mal study that

99
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we carried out. Porton mce were chall enged either
by the injected route or by the inhalation route
with 100 MLD or 100,000 M.D of Yersinia pestis.
These are control aninmals, so there is no survival
of these animals. These are aninmals that have been
i mmuni zed with the killed whole cell vaccine, and
they are reasonably well protected against an
i njected chall enge, but they are not protected at
all against an inhal ation chall enge.

So, there is good evidence that these
vacci nes protect against bubonic plague. Equally,
there is quite a conpelling body of evidence,
however, indicating that they don't protect very
wel | agai nst pneunoni ¢ pl ague.

One of the particular concerns with any of
these killed whole cell vaccines is their

reactogenicity. This is taken fromthe forner

G eer vaccine data sheets. So, what it does is list the
sort of side effects that people reported either the first
or the second dose of the killed whole cell vaccine, and you
can see the remarkably high proportion of individuals
suffered from sone
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sort of albeit transient side effect follow ng
I muni zati on.

So, these are quite reactogeni c vaccines,
and in the groups of people who are in the UK with
this vaccine, it is not infrequent for people to be sick for
a day or two follow ng booster imrunizations.

So, that is killed whole cell vaccines. \Wat about
live attenuated vacci nes? They have never really been used
in the West, in the U S. or in Europe, but they have been
used in the former Soviet Union, quite extensively actually,

and in sonme of the French Col onies |ike Madagascar.

It is quite a high innmunizing dose, 6 mllion CFU
and just to relate the way these vaccines work in conparison
to the killed whole cell vaccines, after immnization, what
you can denonstrate is sera fromimuni zed ani mal s or
i ndi vidual s, that should work in the Muse Neutralization
test, and the Mouse Protection Index is typically | ess than
10 after imrunization, so it is kind of consistent with this
vision, this
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picture that a Mouse Protection Index of |ess than
10 is indicative of protection in that passive
transfer nodel.

There are a nunber of these EV vaccines
that differ very slightly. They all have the sane
heritage. They are all pignmentation nmutants
actually, so in contrast to wild type strains of
Yersinia pestis, which becone pignmented when they
are grown on certain agars, |like Congo Red agar,
these EV series strains are nonpignented, and it is
not fully clarified why they are not pignented. It
is alnost certain that they have a nunber of
nmutations in the so-called pgmlocus, and possibly
that affects their ability to acquire iron in the

way that Bob Perry tal ked about this norning.

The precise reasons for attenuation of the EV
series vaccines at a nolecular level is not known. Very
reactogenic. In one study in 1970, in the U S., in human
volunteers, it was reported remarkably that 100 percent of
peopl e who were i nmuni zed with the ED vacci ne devel oped
severe system c reactions.
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Sone individuals in Russia, who were
i muni zed with the EV vaccines required
hospitalization, and it is quite frequent to have severe
| ocal reactions surrounding the site of immunization. So,
t hese vaccines are even nore reactogenic than the killed
whol e cel | vacci nes.

But they are effective, and they are
ef fective apparently agai nst both subcutaneous and
i nhal ation challenges. So, in this experinment, animls were
i muni zed via the intramuscular route with ED76, and then
chal l enged by the inhalation route. All of the control
animal s died, but all of the EV-inmunized animals are
pr ot ect ed.

So, in contrast to the killed whole cell vaccines,
these |ive attenuated vaccines do appear to protect quite
wel | agai nst an inhal ati on chal |l enge.

So, in summary, killed whol e cel
vacci nes, not very good, don't protect against pneunonic
pl ague. Live vaccines, like the ED series, do protect
agai nst pneunoni ¢ pl ague, but they are highly reactogenic,
and they have never
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really been accepted at |east in the Wst.

So, what about an inproved vacci ne?

A nunber of approaches one mght use to
derive an inproved vaccine, one mght try and
derive a live attenuated nmutant to replace the ED76
vaccine, a safe live attenuated nmutant, or one m ght
try and identify the inportant protective conponents
on Yersinia pestis and put those in sone sort of
subunit or nmake a DNA vacci ne.

Starting off with live attenuated nutants,
we spent quite a lot of time pool matching, trying
to devise live attenuated nmutants of Yersinia
pestis, and our initial attenpts were not
particul arly successful.

Al t hough we can derive nutants which are
attenuated in the nmurine nodel of disease, they are
nowher e near attenuated enough, |ike the PhoP
mut ant, 75-fold attenuated, that is nowhere near
attenuat ed enough for this kind of nutant to be

considered as a |ive attenuated vacci ne.
But nore recently, there have been sone successes.
For exanple, a group in Israel recently
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reported that they had isolated a pcm nutant of
Yersinia pestis, which was over 10 mllion-fold attenuated
in the murine nodel of disease.

The map pcm nut ant does | ook |ike a possible live
attenuat ed nmutant vaccine, so this is a conparison of the
way in which the pcmnmutant on the ED76 strain performin
the nurine nodel of disease. These are responses devel oped
to F1 antigens, so these are F1 anti body responses i nduced
by the pcm nutant and by the ED76 strain, V-antibody and
| evel of protection.

The pcm mutant performs nmuch, rmuch better than the
ED76 strain by any of these criteria that are conpared in
this graph. So, naybe there is a suggestion that sone |ive
attenuated nutants can be devi sed whi ch have i nproved
performance conpared to the ED76 strain, but whether these
kind of mutants will ever be acceptable for use in hunans,

guess is a subject that is open to debate.

Subunit vacci nes, we have | ooked at a whol e range
of subunits, and I know ot her people have, |ike Sue Stral ey,
and so on, have | ooked at
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vari ous conmponents of the type Ill system as
candi dates to go into sone subunit vacci ne.

To date, the only subunits that have been identified that provide
good | evels of protection, at least in the murine nodel of disease, are the
F1 antigen and the V antigen. W can actually produce these proteins
relatively easily using reconbi nant DNA t echnol ogy, so to nake the F1
antigen, we just transfer the entire F1 operon into E. coli, and that
directs synthesis and export and assenbly of F1 antigen on the surface of E.
coli in nmuch the sane way as it would on the surface of Yersinia pestis, and
you can harvest F1 antigen quite easily fromthe surface of the bacteria.

V antigen can be expressed very easily as a GST-fusion, fusion
with a carrier protein |ike glutathione Stransferase, and in the system we
use to generate V antigen, you cleave the V fromthe carrier using
PreSci ssion protease. So, we

generate what is very close to an authentic N-term nus of the protein.
These individual subunits work very well
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as protective antigens. This is experinents in the
m ce nodel of disease, so these are chall enge doses
I ncreasing from 10

5 up to 109 CFU of Yersinia
pestis. This is actually given by the subcutaneous
route of challenge. These are control mce, so
they will die at any of the challenge doses that we have
t est ed.

These are mice that are i nmunized with F1
antigen, and they are protected agai nst | ower challenge
doses, partially protected agai nst |ower challenge doses,
but at these very high challenge doses, we see defeat of
protection, simlarly with V antigen, defeat of
protection at very high chall enge doses, but when these
two conponents are fornul ated together, what we end up
with is a vaccine that appears to provide very, very high
| evel s of protection at | east agai nst the subcutaneous

challenge with fully virulent Yersinia pestis.

Not only does it protect against a subcutaneous
chal l enge, it protects very well against an inhal ation
chal l enge. So, again, this
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is the nurine nodel of disease, mce challenged by
the injected route subcutaneously or by the
i nhal ation route.

These are mice that have been i mmuni zed
with one of the killed whole cell vaccines just for
conparison. These are nice that have been
i mmuni zed wi th reconbinant F1 and V vaccine that we have
devi sed, and as you can see, we can solidly protect these
ani mal s agai nst either subcutaneous or an inhalation
chal | enge.

W can denonstrate that protection against a range
of different strains of Yersinia pestis including the F1-
negative Java 9 strain.

So, that vaccine has been fornmulated as a two-dose
i nj ectabl e vaccine, and the current inmunization schedul e
i nvol ves giving a dose on day 1 and a dose on day 21, and it
is projected that it will involve sonewhere around 40

m crograms of F1 and 40 mcrograns of V antigen.

| guess one of the inportant questions, one of the
gquestions that has come up fromthis norning, is that
al t hough peopl e have | ooked for
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addi ti onal protective antigens that m ght protect
agai nst plague, what is the evidence that there
m ght be additional protective antigens.

This is an experinment we did very recently
with a PYV cured strain of Yersinia
pseudot ubercul osis. It was also actually a dam
nmut ant of Yersinia pseudotubercul osis, but maybe
that is not too significant.

In this study, what we did was inmunized
mce either orally or intravenously with this PYV
cured strain of Yersinia pseudotubercul osis and
then chall enged themwi th Yersinia pestis, and remarkably,
you can protect pretty well after either oral or intravenous
i mruni zation with this mutant, and certainly, to us, that
suggests there nust be other protective antigens out there,
but presumably are co-displayed by Yersinia
pseudot ubercul osis that are just waiting to be di scovered.
So, | amsure there are additional protective antigens out

t here.
What | would like to do finally for the next five
mnutes or so is just tal k about the
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prospects for third generation vacci nes because
maybe the vaccine that we are | ooking at for the
nonment, that we are devel oping at the nonent, the Fl-
V vaccine is just one step towards an ideal vaccine
agai nst pl ague.

One of the requirenents may be of a third
generation vaccine is it can be given non-invasively,
hopefully orally, as a single-dose
vacci ne, and one of the technol ogi es we have been
| ooking at is to transfer sone of these protective
antigen genes into Salnonella typhi, and in this
experinment, what we did was transferred the gene
clustering coding the F1 antigen into Sal nonel |l a
typhi BRD1116. This is an aroA, aroC, htrA nmutant.
So, this is the same strain that is currently
proposed as |live, orally delivered typhoid vaccine.

There are typhoi d bacteria expressing F1
antigen on the surface, so they actually make F1

antigen, they express it on the surface, and you

can denonstrate expression of F1 antigen in macrophages
infected with this reconbinant Sal nonella typhi, and you can
denonstrate the
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i nducti on of protective responses in the
appropri ate nodel of disease.

This is the intranasal immunization nodel,
so in this experinment, what we did is immunize the
mce intranasally with Sal nonella typhi expressing
F1 antigen on the surface, and those mce are
reasonably well protected, around 70 percent
protected agai nst subcut aneous chal l enge wi th 100
M.D of Yersinia pestis.

So, there is certainly a suggestion that
we can devi se singl e-dose, non-invasive, delivered
orally or intranasally delivered vacci nes.

Naked DNA vacci nes are another possibility
for future third generation vaccines, and there are
some various reports out there actually indicating
t hat naked DNA vacci nes, which encode the F1- or V
antigens are effective, that they induce protective
responses agai nst plague, but the problemis at the
nonent we need to give multiple doses of those

naked DNA vacci nes.
O'ten you need to use them as prime-boost
strategies, and to ne, it is not overly apparent
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what advantages this type of vacci ne have over
subunit vacci ne containing just the proteins you
are interested in.

So, in summary, what | hope you have taken
away fromny presentation this norning, the kind of
key nmessages are that the existing killed whol e
cell or live attenuated vacci nes have significant
limtations both with respect to their ability to
prot ect agai nst pneunonic plague, their reactogenicity,
and the ease with which they would be or could be
licensed in for use in humans.

| mproved |ive attenuated vacci nes do
appear to be feasible, and there is that denonstration
of proof of principle with the pcmnutant that | just
tal ked about, but | guess there is always going to be a
guesti on about whether we
are going to accept that type of nmutant for |arge-scale
i mruni zati on of human popul ati ons.

There are sonme suggestions that subunit

vacci nes, particularly based on the F1- and V
antigens at the nonment appear to be effective and appear to
be safe, but there may well be additi onal
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protective antigens out there waiting to be
di scovered and waiting to be formulated into an
i nproved third generation, fourth generation plague
vacci ne.

Finally, there is some evidence indicating
that orally or intranasally delivered vacci nes
agai nst plague m ght beconme a realizabl e prospect
as a third generation vaccine in the future.

Finally, just a list of collaborators.
Most of the people who have been involved in this
wor k have been | ocated at Porton Down, but we have
some very good collaborations with the London
School in London, very good coll aborations with our
Swedi sh col | eagues at the National Defense Research
establishment in Sweden, and finally, sone |inks
with the University of Unrea.

Thank you very nmuch. | would be very
happy to answer any questions.

[ Appl ause. ]

DR. QU NN:. We have got about five minutes for

guesti ons.
DR. M ZEL: Steve M zel, \Wake Forest.
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Do you have any evidence with your
i ntranasal i mmunizations of any kind of
neurotoxicity as seen with several other vacci nes? DR

TI TBALL: W have not seen that wth
t he reconbi nant Sal nonella typhi, but | guess the intranasa
i mmuni zation nmodel is really just a nodel for al
i mruni zation in humans with Sal nonella typhi, so maybe it is
not necessarily the nost neani ngful as to whether you woul d
see any neurol ogi cal conseguences.

W have actually, D has done quite a | ot of work
giving purified F1- and V antigens intranasally in various
m croencapsul ated fornul ati ons, and we have never seen any
adverse side effects which indicate neurotoxicity when given
by that route.

DR. NATARO Jim Nataro, University of Maryl and.

Several groups have proposed using attenuated
pseudot ubercul osis or enterocolitica, which obviously have
sone real advantages. You nentioned one series of studies.
But there is
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obviously a very high rate of postinfectious
sequel ae with those infections, arthritis, and even
anyl oi dosi s.

| amnot famliar with that in pestis, but
do you want to conment on whether that is being
| ooked at, at all, or whether those vaccines are
i npeded?

DR TITBALL: You are thinking about in
peopl e you could imunize with the |live attenuated
EV76 strain, because nost people who are infected
with Yersinia pestis, a reasonable proportion go on
to die. | guess of those that recover, | am not
aware there is any indication of any kind of
arthritic conplications of sequelae in those
popul ati ons.

Simlarly, | amnot aware of any reported
i ndi cations in Russian popul ations that have been
i mmuni zed, but in sone of those populations, it is
ki nd of questionabl e whet her those issues would

have been recorded appropriately.
DR. NATAROC But do we assune that enterocolitica
and pseudot ubercul osis are dead as
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far as vaccine candi dates, because of the risk of
posti nfecti ous sequel ae?

DR. TITBALL: | think it depends on which
serotype of enterocolitica or pseudo-TB you pi ck.
| don't know. No, | wouldn't say they were dead.
| don't know whet her anybody el se wants to comment.

DR. SMLEY: Steve Snmiley from Trudeau
I nstitute.

As a followon to that question, so with
the plasm d cured pseudotubercul osis, the
protection you see there, do you know whet her t hat
is anti body nediated, can it be transferred?

DR TITBALL: | have no idea. Those are al
really inportant experinents that need to be carried out.

DR. . In your studies, you nmentioned the
challenge with a different type of nodality, such as
subcut aneous, intranasal, and aerosol. So, from your
experience, do you think intranasal could in sone way

refl ect pneunoni c nodel ?
DR TITBALL: That is a very good
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question. | think the preference is always to
carry out an inhalation challenge, you know, if you
have that capability, and we would not substitute an
i nhal ati on chal | enge or vice versa, but there is
sonme evi dence that actually, intranasal chall enge
does result in a disease which is very simlar to
that, that you see after inhalational challenge.
| guess there hasn't been enough detail ed
hi st opat hol ogy carried out to actually conpare the
di sease in detail after challenge by those two
di fferent routes.
DR. . Because that would be very
i mportant to actually, intranasal would be nuch
better controlled than the inhal ation.
DR. TITBALL: Maybe, but | nean
cytodeposition is always going to be slightly different. It
depends on whether you are actually tal king the deep lung or

t he upper respiratory tract.
DR. : Right, but actually, nobst of the
respiratory is in upper respiratory infection.



DR TITBALL: Right, but probably not
after exposure to Yersinia pestis used a biowarfare
agent. It is much nore likely to be a | ower
respiratory tract which is targeted.

DR. QU NN. W have tinme for one | ast
guesti on.

DR. . The question | have
concerns topics that cane up earlier. This was a
beauti ful synthesis of what you can get with a
vacci ne.

Ri chard, what | want to know is did you
try that actually at Porton Down on | aboratory
wor kers, that vaccine, and what do you think about
their concerns about F1 that were raised here
earlier and the i nmunosuppressive role of LcrV, and
how do you feel about it?

DR. TITBALL: Those are good questions. |

think DO is going to talk about sone of the

clinical trials we have carried out with this vacci ne.
F1 and V vacci ne has been into people, and there are no

obvi ous i ndi cati ons of adverse side effects.
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Clearly, one of the reasons for including
F1 and V in any future vaccine has to do with this
i ssue of possible virulent strains that lack F1
antigen on the surface, and | guess the issue about
t he possi bl e i mmunosuppressi ve properties of V, you
know, it is probably best, though, by considering in
t hose experinments where i munonodul at ory properties
have been reported, the V antigen has been given
repeatedly at daily intervals in quite | arge doses.
It has not, to my know edge, been given as
a single | ow-dose cell -purified protein.
DR. . Let ne just ask you, what
do you think of the 2 "Aninmal Rule" in terns of
plate testing that is proposed to the U S., because
| think you probably work in different coordinates
t han EU.
DR. TITBALL: Not necessarily actually. |
mean it woul d be the sanme kind of considerations
for us in the UK that we would need to denonstrate efficacy

in at | east two ani mal species.
DR QUINN. We will introduce our next
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speaker, Dr. Diane WIIlianson from Defence Science
and Technol ogy Laboratory, Porton Down, who wll be
talking to us about the role of antibodies and cell -
medi ated i mMmunity in protection.
The Rol e of Antibodies and Cell-Mdiated I nmunity
in Conferring Protection Agai nst Plague
Dr. Diane WIIianson

DR. W LLI AMSON: Thank you. Good norning and
woul d |i ke to start by thanking the organizers for inviting
nme to participate in this workshop. It is a great privilege
to be here.

| just want to point out that ny hardcopy of ny
presentation is actually on your supplenents in your
bi nders. | reordered the size in order to try and address
some of the questions that | thought the panel m ght be
concerned with tonorrow and also to try and prevent
duplication of sone of the subsequent speakers tal king about
smal | animal nodels, so if you follow ny presentation, if
you would like to follow the suppl enent rather than the

bound-in copy.
| amgoing to try to cover the role of
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anti bodi es and cell-nediated i munity in conferring
protection agai nst plague. O course, you have
heard that plague is predom nantly an extracel |l ul ar
infection with intracellul ar phases.

So, what does this mean in terns of the
i mmune response? Protection against plague wll
depend on countering the bacteriumand its
virul ence factors. W have heard already a | ot
about the virulence factors that this organismis
abl e to produce.
The host, in order to protect itself, will need to
i nduce an appropriate i nmune response or will need to be
i nduced to produce an appropriate i mmune response by
vacci nation, and we are going to talk about antibody and cell -
nmedi ated immunity in that context.
O course, because this is a serious human pat hogen,
and because field trials showing efficacy are not going to be
easily achieved, we need to depend very heavily on ani nal

nodel s to el uci date these protective i mune responses.
I want to talk this norning a little bit
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about the data that we have gathered so far in
nouse, guinea pig, beginning to gather in the
mar noset with the small nonhuman primte nodel, and in nacaque, and al so
some i mrunogenicity data that we have gathered so far in a safety trial
of vaccine in man.

So, just starting with the nouse, what we have here is a very
early study where we showed that F1 and V in conbination were protective
in the nouse nodel, and this is a BALB/c inbred nouse nodel, against a
human fatal isolate of plague, and they conferred the sanme | evel of
protection as to live attenuated ED76 vacci ne, and, by conparison, the

killed whole cell vacci ne was def eat ed agai nst
this very high, 10

9 subcut aneous chal | enge.
So, antibody is probably very inportant in
protection. Wat | want to do now is just

characterize what we know about the kinetics of
anti body production in our aninml nodels, quantity of
anti body produced. | want to look at the simlarities
between the animal nodels, and then try to relate the
anti body characteristics that we
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have observed to protective efficacy, and then | ook
at the rationale for extrapolation fromthe ani ma
nodel s to man.

Just looking at the kinetics first, we have
| ooked previously at the anti body response to the F1
pl us V conbi ned vaccine in four different hapl otypes
of mce, and you can see that fromthis kinetic study
where mice were i muni zed at day naught and at day
21, that antibody response started to rise very fast
and peaked at about a week after the second dose of
vacci ne. These
ani mal s were then boosted [ ater on, and cell-nediated
anti body was followed right out for
several nonths.

But the take-home nessage fromthis slide
is that although we have four different hapl otypes

nmouse here, they are all responding in a very simlar way with
36 r antibody kinetics.
When we chal | enged these mce at day 80, we saw sone

gle differences in protection agai nst subcut challenge. This is
rery high challenge level. It is a very virulent strain of



pl ague, however, and | don't think these really are
very significant differences.
When we chal l enged the mce by the aerosol
route, we saw solid protection at this tinme point.
So, in these inbred strains of nmice, haplotype
doesn't seemto have very great an influence on
| evel s of protection achievable.
We al so | ooked at gender within these

hapl ot ypes and conpared nmal e and femal e nice

responses, and saw little difference there either.
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W went on to select the BALB/c npuse for

nost of our other subsequent studies and here |

am

showi ng you a dose response curve in the BALB/c nouse

where we i mmuni zed with decreasi ng concentrations of

the F1 and V subunits and
chall enged the mce with 10
7 CFU subcut aneously, or

10 5, and you can see

that the m ni num
protective

dose agai nst the 10
5 CFU is around the 1 m crogram

mar k, and the mnimum protective dose agai nst the

10 7 CFU i s around

the 5 m crogram mark
of wvacci ne.

W were able to correl ate the predom nant

| gG subcuts or haplotype IgGlL with protection in
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t he nouse, and showed that as you decreased the
dose, you lost 1gGl, and that rel ationship
correlated significantly.

W al so | ooked at the protective efficacy
of vaccine in outbred nouse strain, and we, at
Porton, have an outbred cl osed col ony, outbred nouse strain, which we
call the Porton nouse. It is a very stable strain. W imunized these
mce with the F1 plus V conbination and chall enged them at day 60 of the
two i mmuni zi ng doses with plague by the aerosol route, and we showed very
solid protection against 100 LD50 of plague by the aerosol route.

W al so actually escal ated the inmuni zing dose up to 75
m crograms and gave it on a single occasion in this |last part here, and

chal | enged these nice by the aerosol route and showed that we
coul d protect them against 10

4 LD50, which is the
maxi mum pr ot ecti on we have shown agai nst the challenge in

t he nouse nodel to date.
Havi ng escal ated the vacci ne dose up to 75
m crograns, we did sone nore exploratory work where
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we | ooked at the increasing doses of the vaccine

/en very soon prior to challenge, and here, we have sone data which just
Ws, in the BALB/ c nouse nodel agai nst an aerosol chall enge of 300 | et hal
ses, but even giving the vaccine three days prior to chall enge, one can get
re protective effect, and giving it six days at 25 micrograns of each subunit,
> can get full protection.

So, this is quite encouraging data, may translate to the use of
:ci ne postexposure if you need six days to achieve protective inmunity, that
jht set your tinme frame for postexposure therapy.

Moving on now to the guinea pig. W have
1e sone limted work in the guinea pig. The guinea pig, we do not find to be
rery good nodel of plague infection. The plague infection seens to be very
‘onic in the guinea pig, unlike the nouse where you have an acute infection,

> guinea pig seens there is a very chronic infection.
When we | ooked at anti body responses in our guinea pigs, in our
runi zed gui nea pigs, at
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time of challenge, we saw very vari abl e responses
to the F1 antigen, and nuch nore consi stent
responses to the V antigen.
When we chal | enged these i muni zed

animal s, we managed to achieve full protection
agai nst an injected challenge of 10
5 |l et hal doses,

10 5 CFU, and then partial protection
rond t hat.
But we are not planning to pursue the

gui nea pig too nuch further as a nodel because of
the difficulties, and you can see that in survivors
here, we had very protracted tinme to death as the
i nfection becanme very chronic.

We have done sone work in cynonol gus

macaques, and | amjust going to describe to you an
i mmunogeni city study where we | ooked at ascendi ng
dose |l evels of vaccine in this range in nale and
femal e cynonol gus nacaques i muni zed on two

occasi ons.

Here, we have typical antibody response.
This is to the V antigen in these animals. | have
shown just the 10 microgram the response to the 10-
m crogram dose group and the 40-m crogram dose
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group just for conparison, and you can see that
aninmal s were i muni zed at week naught and at week 3, we get
some very nice secondary antibodies formto the booster dose
in the green and red bar.

The yellow |line here represents ani mals
that were given a single inmunizing dose at the 40-m crogram
dose |l evel of the vaccine, and you can
see that they responded reasonably well, but, of
course, didn't devel op the secondary i nmune
response.

Movi ng on now to observations of antibody
responses in nman, we have done a prelimnary Phase
| safety study in Europe in 32 individuals given the vaccine
in the sane dose range as used in the macaque study,
al hydrogel adjuvant, and we have | ooked at safety and found

absol utely no safety concerns with this vaccine.

We | ooked at sone cytokine readouts, for instance,
I L-6, and saw no change in vaccinees in that IL-6 |evel, and
additionally, we were able to do sone inmunogenicity work
with serumfromthe volunteers, and what we found was that
when we
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i mmuni zed in this dose range, we got this kind of
pattern of antibody response. All individuals responded to
either of the antigens. Sone did not respond to Fl, sone
did not respond to V, but generally, at the 40 m crogram
dose level, we had conplete response to both antigens.

You can see a dose response effect here with
i ncreasing agglutinine [?] titers with dose |evel.

Just turning now to antibody functionality, what |
have tal ked about so far really are observations on kinetics
and quantity of antibody, but what does that nean in terns
of antibody functionality?

W can | ook at neutralizing antibody by
conpetitive ELISA, we can actually | ook at the inhibition of
the cytotoxic effect of V antigen as expressed in
pseudot ubercul osis construct in vitro, and we can | ook at
passive transfer, and | just want to quickly run through the

data we have to date in this context.
We have devel oped, at the research | evel
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a conpetitive ELISA for V antigen, and this ELISA
depends on coating with V antigen, and then
i ntroduci ng the nonocl onal antibody 7.3, which we have
previ ously shown to be protective agai nst plague chall enge
when gi ven by passive transfer in the nouse.

That nonocl onal anti body binds to the antigen and
we start with 100 percent binding of that, and then we
i ntroduced vacci nee serum at various dilutions. Wen you
i ntroduce macaque serumin this case, 1 in 80 dilution, you
begin to see conpetition with the nouse nonocl ona
anti bodi es binding to V and sone | oss of nouse anti body
signal here.

As you increase the concentration of your vacci nee
serum you can see that you get conplete inhibition of
bi ndi ng of the nobuse antibody to V. Now, we have done that
for macaque serum and we have al so used the sane ELISA to
eval uate our anti body responses in people receiving the

vacci ne at the highest dose |evel tested.
What we found was that all individuals at
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this 40 m crogram dose |evel had neutralizing
anti body for the V antigen and the serum and al so
that neutralizing anti body correlated with total
| gG significant correlation with total 1gG that
t hose individual s were produci ng.

Just noving on to in vitro cytotoxicity,
there is an assay that we and others are using
where you can express V antigen from pestis, from
pseudot ubercul osis, and that construct is
[ i naudi bl e] for macrophages in vitro.

You can therefore use this assay to | ook for
inhibition of the cytotoxic effect with your vacci nee serum
and at the nonment, this assay in our hands is a qualitative
assay. Here, we have sone readouts fromthe assay.

Here, we have nacrophage cells in culture which
are uni nfected and green cells glow green, live cells glow
green, and dead cells gl ow red.

So, you can see that they are predom nantly |ive here.
When you introduce the pseudotubercul osis V
expressing strain, together with the protective
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nonocl onal anti body, you get protection against the
effects of V, and you get a predomnantly live culture.

Here, we have, though, a culture where we have
i ntroduced nmacaque serumtaken on day 1 of a macaque
i mruni zati on protocol, so you wouldn't expect antibody to
the antigen in this serum and indeed we get al nost full
killing of the culture.

When you take serum from that same nacaque
at week 10 schedul e, you can see that it now has devel oped
neutralizing antibodies to V antigen, and protecting the
culture fromkilling in this assay.

Simlarly, when we took serum from
macaques that had been inmuni zed, and we took serum at week
6 or week 10, we got simlar protective effects.

So, this assay is giving us qualitative positive
readout and showi ng that there are neutralizing antibodies
in sera fromthese ani nals.

Just turning now to passive transfer, Dr.
Titball nentioned passive transfer as a neans of eval uati ng
the vaccine in his presentation. W
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have done a | ot of passive transfer fromthe
species into the nouse at Porton, and what we have found is
that when BALB/c nmice are i munized with the vacci ne, and
this is on 3 occasions, and then the serumis taken and
transferred into SCl D/ Bge nice, and these are severe
conbi ned i mmunodeficient mce with the beige nutation, they
have no functional imune system

We can protect the recipient mce against

chal | enge by the subcutaneous route and by the aerosol
route. You will note that there is sonme breakthrough at the
end of this 10-day assay for both chall enge nodels, but this
is probably attributed to the half-life of the passively
del i vered serum decayi ng and one then gets breakthrough. W

now cap this assay or limt this assay to a 10-day assay.

We have done a simlar kind of exercise with 1gG
purified frominmmuni zed guinea pig serum and here we used
| gG at two dose levels purified fromthe guinea pig serum
and got very simlar data.
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This 1gG has been passively transferred
into mce, and the m ce have been chal |l enged by the
subcut aneous route, and gui nea pigs given the F1
and V vaccine, their 1gGfully protect mce. W were able
to fully protect mice with 1gG taken from gui nea pigs given
t he existing plague vaccine, which we have supplenented with
V antigen to i mmuni ze gui nea pigs wth.

Simlarly, we have transferred I1gG purified from
i mMmune nacaque seruminto mce and shown that it can fully
protect groups of mce.
Now, what we have here are 1gG at the 100-
m crogram dose | evel of 1gG taken from nmacaques and mice at
the different dose |evel of the vaccine
that | showed you before, 5, 10, 20, and 40, and
the single dose 40, and you can that 1gG taken fromthose
groups at all the dose levels of the vaccine was protected
in the 10-day assay in the mce. So, we are able to

transfer protective immunity with anti body.
Finally, in the human nodel, we have taken serum
fromdonors in the 40-m crogram dose | evel
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group, human donors, and transferred their serum
into mce and shown either full or partial protection of the
mce, and we were able to correlate the protective imMmunity
transferred with the 1gG content to the donor serum and
there is a significant correlation there.

So, passive transfer would seemto be a useful
nmet hod of eval uati ng serol ogical protective immunity, but
what we have found actually is that these assays are very
rel evant very early in the schedule, up to day 28 or so of
the i mmuni zati on schedul e, and peopl e responding with
maxi mum serol ogi cal anti body, but beyond that, sonme of the
correlations start to fall away.

So, what we need to |look at also is the cell-
nmedi at ed i nmune response, and this is a rather
harder function to assess. W have done some T-cell recal
responses in BALB/c mice at 8 nonths
post their original immnization, and shown that
t hey do have significant recall responses,

particularly for the V antigen.
So, what else can we do, what el se do we
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do to look at cell-nediated i munity? Cell-nedi ated
imunity is undoubtedly an influence. The
| gG subcl ass profile that we are seeing in these F1
plus V vaccinated individuals fromall species
i ndicates that what we are inducing is
predom nantly a Th2 response, and that is not a
surprise, because we adjuvanted our vaccine with
al hydrogel, and flow cytonmetry anal ysis in species
t hat we have | ooked at, nobuse, nmcaque, and man
does indicate that what we have here is a CD4-positive
menory response, which could be either Th2
or Thl.

But we al so have sone evidence from nouse
nodel s that a Thl response to challenge is al so
essential to clear the infection, so although our
vacci ne is inducing predom nantly Th2 response, the
vacci nees are able to nount a Thl response, they
are able to mount a Thl response, and that is essential to

clear the infection.

Just to summarize very quickly a lot of work that
we have done in genetic knockout nodels, we have | ooked in
geneti c nouse nodel s which have a
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targeted gene deletion in the STAT 6 pat hway, and
these animals are not able to nount a full Th2
response, but they do have an intact Thl response.

Conversely, we have | ooked at targeted
gene deletions in the STAT 4 pathway where these
animals in a C27 background cannot nmount a Thl
response, but do have a full Th2 response.

What we found with these aninmals was that a
reduced vacci ne efficacy occurred in STAT 4 knockout nice,
and this correlates with absence of CD4 Thl response, so
t hat when we i mmuni zed these nmice in the usual way, and
chal |l enged them at day 60 with plague, by the subcutaneous
route, we saw breakthrough first in the STAT 4 knockout
m ce, and STAT breakt hrough, but as we increased that
chal | enge dose, we saw full breakthrough

So, these animals are able to produce, nount a Th2
anti body, full antibody response, but cannot nount a Thl

response, and they are susceptible.
So, it looks as if both Th2 and Thl responses are
required for full protection against
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pl ague, and when we | ooked a little bit further
into this, we collected splenocytes fromcohorts of these
different strains that we have used in this experinent and
re-presented themin vitro with the F1 and V antigens, and
showed t hat whether they have been vaccinated, in the blue
bar, or not, in the red bar, these strains were able to
produce interferon-gamma in response to resubm ssion with
the F1 and V antigens in vitro, but the STAT 4 nodels were
not, as we expected, and it would seem therefore, that the
deficiency in protection in the STAT 4 mce can be rel ated
to lack of a Thl response.

Just very finally, we are doing a |ot of work at
the nonent |ooking at trying to map T cell epitopes in both
F1 and V antigens, and we have nearly conpl ete maps of the

murine T cell epitopes in the V and the F1 anti gens.

Now, what we hope next to do is to start to
ascri be sone function to those epitopes and then maybe to
use peptides that represent those epitopes for which we have
ascribed function as better
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targets for assessing cell-nediated i Mmunity in man
as we proceed into our clinical trials.

So, therefore, in summary, we have shown
an anti body response in all species that we have
| ooked at with the F1 and V antigen, and this
appears to be fairly conserved as we present these antigens
in the al hydrogel fornulation across species. Functionality
is quantifiable in the tests that | have described, for
i nstance, conpetitive ELISA the inhibition of cytotoxicity,
and in passive transfer.

That is certainly a m xed Th2/ Thl response is
required to clear infection, and it woul d appear that
presenting the F1 and V antigens in al hydrogel w Il induce
cross-prime to both those responses. Cell-nediated inmunity
is the better black box at the nmonment. W know it is
quantifiable by in vitro proliferation type assays. Perhaps
by defining the T cell epitopes further, we will be able to
provi de inproved targets to assess cell-nmediated i mmunity

nore effectively.
Then, finally, there have been a nunber of
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peopl e, very many people involved in this project
over the years at Porton. | have tried to list themall
W al so have very good work ongoing currently, headed by our
project office at Porton, in transitioning the vaccine from
research into devel opnment, and that this is staffed by
people with regulatory and clinical experience.
O course, we are also indebted to Avecia
Bi ot echnol ogy, who in recent years have been manufacturing
t he vaccine for us, and we have a very good rel ationship
with Newcastle University.
Thank you. [ Appl ause. ]
DR. QU NN. Thank you, Di.
We have tine for sone questions.
DR. FROTHI NGHAM  Ri ch Frot hi ngham Duke
Uni versity.
That was a very exciting lecture and | am
delighted to hear how quickly this work has noved al ong with

t his combi ned reconbi nant subunit vacci ne.
You nmentioned that T cell epitopes have now been
mapped for F1 and V. |Is that information



141
avai | abl e?

DR. WLLIAMSON: Not yet. W are about to
submt sonme of that data, but it is just being
conpl eted at the noment.

DR. STRALEY: Sue Straley, University of
Kent ucky.

| amcurious, in relation to, say, the
devel opnment of nonocl onal cocktails, whether anyone
has | ooked at a difference in efficacy of different
i sotypes, |gQ&A versus |gGlL.

DR, WLLIAVSON: Well, we did actually attenpt to
do that sone years ago, but working in the nouse, isolating
these isotypes fromthe nouse in quantity was not easy. W
actually attenpted that experinment, but really were not able
to proceed because we didn't have enough of the polyclonal -
derived isotapes.

Strangel y enough, nmany of the nonoclonals that we
have are IgGl and difficult, but I amvery keen to find any
nonocl onal s out there, 1g&A or 2B biased, that woul d be of

great interest.
DR. STRALEY: So, your 7.3 is an |gGl.
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DR WLLI AMSON:  Yes.

DR, FERRIERI: Pat Ferrieri, University of
M nnesota Medi cal School .

| s there consistency anong different
| aboratories in the aerosol challenge, and
specifically, nmy question is, are you punping bacteria into
a chanber, or on the other hand, are you dripping it into
t he nose and having theminhale it?

DR, WLLIAMSON:. Right. W have had extensive
interaction with USAMRIID in establishing the aerosol nodel
We actually aerosolized with Henderson apparatus or Collison
[ ph] spray, and we conditioned the aerosol appropriately in
terms of humdity and tenperature, so we got |ive bacteria
deposited into the deep lung in our nouse nodel.

The animal s are consci ous when we do this,
so we have a | ot of experience of aerosolizing, and think we
can keep the organi sns viabl e.

DR SCHNEEW ND: d af Schneew nd,

Uni versity of Chicago.
The query that | have has to do with the
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publication of Jurgen Heesenmann, who used i sol ated
macr ophages and showed that the LcrV stinulates an
I L-10 release. |Is that an assay that you feel should be
i ncluded in studying the antibody response agai nst LcrV,
and, if so, would that be useful for mrroring [?] human
macr ophages?

DR. WLLIAMSON: We actually have some work
ongoi ng with Heesemann's group. | have supplied himwth
the antigen to | ook at exactly that. Yes, certainly, we are
to see what conmes out of that coll aboration.

DR. SCHNEEWND: In this regard, | was interested
in the human studi es that you are doing, and you said that
you had | ooked at a cytoki ne response for |L-6.

DR WLLI AMSON:  Yes.

DR. SCHNEEW ND: What tine after infection do you
study this?

DR WLLI AMSON: W | ooked, not infection after
I mmuni zation. W |ooked at the recall points for the

vol unteers two days after inmunization regularly and saw no
change in IL-6.
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DR SCHNEEW ND: And the studies in aninal
suggest that these changes occur within the first
24 hours for IL-10 and IL-6.
DR. WLLIAMSON: Yes. This is probably
the logistics of running a clinical trial, one
can't have vol unteers com ng back every day, but
really | suppose in terns of inmunosuppression, we
are interested in whether there mght be a |long-term
i mmunosuppr essi ve effect of vaccine, so that
is why we chose those tinme points. W couldn't see
anyt hi ng.
DR. QUINN: Last question.
DR. MORRIS: Stephen Morris.
| was wondering, USAMRIID has al so used the
African Green nonkey as a chal l enge nodel. Could you comrent
on the considerations that went into your decision to use

t he cynonol gus nmacaque as opposed to that particular ani mal ?
DR. WLLIAMSON: | guess we wanted to select a

nonhuman primate nodel. W have available to us the

marnoset. We are doing a little bit of work in the

mar noset, the small nonhuman primate
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nodel , but that is slightly behind what we have
done in the cynonol gus macaque, and really, it was
in ternms of the previous literature and the
availability to us as cynonol gus nacaque.
DR. QUINN. Thanks again, Di ane.
[ Appl ause. ]
Qur final speaker in this session Dr. Sue
Wel kos, Senior Scientist, Bacteriology Division,
USAMRI I D, Fort Detrick. Sue will be presenting on
assays to establish correlates of protection.
Assays That Can Be Used To
Establ i sh Correl ates of
Protection
Dr. Susan Wl kos
DR WELKOS: We have been interested at USAMRI I D
in developing in vitro assays which mght be predictive of
immunity to plague in inmunized individuals, and nost of the
focus of these devel opnents has been utilizing the F1

capsul e antigen and the V anti gen.

The reason behind these decisions, of course, is
quite clear by now, and I won't spend any tinme on it, but
many early studies in animals
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i ndicated that both of these antigens are highly
i mmunogeni ¢ and highly protective.

Just, for instance, any conbi nation of
vaccines, we tried in a nodel, murine nodel,
i mmuni zed subcut aneously and then challenged with Y. pestis
strains COO2 conpared to the old G eer vaccine, subunit
vacci nes containing either V11Fl1 or even better EF1 fusion
construct that was made at USAMRIID. Al of these provide
significant protection and elicited high titers of
circulating antibodies.

So, the question then becane, can an i mrunol ogi cal
response to these two antigens be devel oped, such that it
can be developed into an in vitro assay, which would then
predict imunity.

Most of the talk today focused on assays
we have been working on that mainly deal with the V antigen
and the response to V, however, | wanted to spend a few
m nutes on a recently devel oped conpetitive inhibition ELISA
based on anti-F1 responses that has been fairly successful
and fairly well devel oped.
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Many people contributed to the devel oprment
of this assay including Drs. Evanovich, Tran Chanh,
Dr. Andrews, Dr. CGeorge Anderson. |In any event,
you have heard this before, the basic outline of the
conpetitive assay utilizes plates that are coated
with the antigen, F1 here, and then dilutions of
standard known anti-F1 nonocl onal prepared, standard
i nhibition binding curve, and then unknown serum
sanples are simlarly diluted, to each is added a
conpeting anti body | abel ed biotinylated anti-F1
nonocl onal antibody in this case.
Then, the plate is incubated and devel oped
with a rabid anti-nouse stripped out of it, and
conjugate. The bottomline of this assay is that
in tests done with serumfrom m ce that have been inmmunized
with F1, there has been a very good correl ati on between the
| evel s of conpeting F1 antibodies in this situation and

protective imunity.
This just gives a summary of one study done with
163 mce that were inmuni zed and then
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chal | enged subcutaneously. It is plotted such that
there were several different dose groups of animals that
recei ved the vaccine ranging fromO0.1 to nore than 10
m crograns.

This gives their | evel of conpetitive ELISA anti -
F1 anti body. You can see that the nonsurvivors are shown in
pi nk, purple and pink, those individual quantities
circulating F1 specific antibody, and in blue are the
survivors, and if the neans of these two groups are
cal cul ated--it is not shown here--but the nean of the
nonsurvivors was 11 mcrogranms of anti body per m as
conpared to 86 micrograns per m, for the survivors, and
this was highly or statistically significant and correl ated
very well with protection.

Perhaps nore interestingly, effective dose of 50
and 95 cal cul ati ons, values were determ ned, and, for
i nstance, it was determned that a circulating quantity of
420 mcrograns of the antibody, 420 nmicrograns per nmi

provi ded effective protection to a 95 percent |evel.
So, ultimately, the goal, of course, would
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be to find a simlar kind of |Ievel in vaccinated
humans.

The problem of course, with this type of
assay is it doesn't account for strains of Y.
pestis that are F-1 negative, yet retain nearly
full virulence, and have been shown to overcone F 1-based
i munity.

As a consequence of this, there are
several in vitro correlates of immnity to both F1
positive and F-1 negative Y. pestis strains are in
t he process of being exam ned and devel oped.

As the alternate non-F-1 antigen sel ected, of
course, V was our first choice, as has been nentioned over
and over again at this point. It is an essential virulence
factor, it is highly inmunogenic, and can confer protection,
anti -V anti body can confer protection by passive vaccination
and the antigen by active i mmuni zati on.

This is a diagram based mainly on one of
the protective nonocl onal antibodies applied by JimH Il at
DSTL and nentioned and di scussed by Dr. WIllianson, but in
any event, JimH Il devel oped a
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set of nonocl onal antibodies with different epitope
specificities that were specific for different
parts of this 326 am no acid V nol ecul e, and
wher eas, antibodies directed towards nore the N-term nus
were found to not be protective in a nouse
chal | enge nodel

The passive immuni zation with these
nonocl onal s did not protect, whereas passive
I muni zation with various ones directed in the
regi on of about 135 or 275 amino acid in that
region, such as the 7.3 were found to be protective.

So, these kind of responses would be those
that it weren't taken into consideration in
developing an in vitro correl ate.

As Dr. WIlianmson nmentioned, both USAMRI | D
and DSTL have been working on conpetitive ELISAs
based around a protective nonocl onal antibody
directed against V, and in this case, as she

menti oned, they have been working with the 7. 3.
This is just a very, sort of gross
oversinplification of a couple studies, very nice
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studies of Dr. Garnody--I might have pronounced
that wong--and Dr. WIIlianmson and coworkers that cane out
recently in Vaccine where a conpetitive anti-V ELI SA was
described, and it just involves a couple studies that were
done with an attenuated Sal nonella |ive vaccine that
produced reconbi nant V, and a DNA vacci ne plus a booster
protein of V, and both studies show that they could elicit
partial protection with these vaccines and provi ded a nice
range of sera for being able to use to develop in vitro
assay to predict survival or not in ultimately chall enged
ani mal s.

They had both assays for direct endpoint ELISA
titers neasuring V antigens specific antibody and a
conpetitive ELI SA based on conpetition of the serum anti body
with this protective nonocl onal

However, there was no significant
associ ation reported between the titer of the conpetitive
anti -V anti body and survival of these mce. There could be

a nunber of reasons, but anyway we can discuss that |ater.
So, overall, this has been sonewhat of a
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chall enge to develop solid in vitro correl ates, but
in the sane vein, a conpetitive ELISA based on conpetition
of a serum antibody with a protective nonocl onal anti-V
anti body has been worked on at USAMRI I D nanely by Tran Chanh
and coworkers at USAMRI I D, and a nunber of nonocl onal s
di rected agai nst V have been nade avail able to these
wor kers, and so far they have identified 5 that produced
high ELISA titers of antibody in vitro and al so provi ded
protection agai nst |ethal challenge of mce in vivo.

These 5 antibodies, well, | show them here, and as
| nmentioned, they exhibit high anti-V antibody titers in an

endpoi nt ELI SA and they can passively protect mnice.

This is just a summary of sone of the passive
experinments. This is the summary of all 5 nonocl onals, but
basically, they provided approxi mately 50 percent to two-
thirds protection of the aninals and positive control gave
total protection is rabbit, polyclonal anti-V antibody
showed previously to be very protective, whereas,
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untreated ani mals weren't protected.
| failed to mention the nodel here was

i mruni zation, treatnment intraperitoneally with the
anti body, and then challenged was with 25 LD50 by the
aerosol route, so it was a fairly realistic challenge, and
as | nentioned, the passive therapy protected against that.

| think that antibody was given 24 hours prior to
challenge. | amnot positive, but | think that is correct.

One of those antibodies, 141 was sel ected for use
to develop an in vitro conpetition assay. It is not too

i nteresting.

Also, | amnot going to discuss this in detail
just to nmention the obvious question, if these anti bodies
are protective, what is the epitope that they are
recogni zing. Dr. Chanh and his coworkers are just in the
process of exam ning this question. They are using a
prot ease protection type of assay, but beyond that | can't
say too nuch yet, just to answer the question that is
obvi ous.



| don't need to spend tine on that, but it
is the sane kind of drill here. The plates are in
this conpetition V-based assay. Plates are coated with
V, a titer of protective nonoclonal antibody is
established that will give a sensitive |level of detection
of whol e anti body, and then the sanples are diluted out,
t he standard curve nonocl onal anti bodies diluted out, and
t he conpeting biotinylated nonocl onal is added, and so
forth, the plate is devel oped.

So, that was the devel opnent of the assay. Now,
the investigators are, of course, in the nmdst of rea
contesting of this assay with sera from aninals that have
been i mMmuni zed with F1-V and
subsequently chall enged. They collect the pre-chall enged
sera and assess |evels of conpetitive
anti -V anti body, and then correlate that with the
ul ti mate survival

The only thing interesting about this,

this just shows one of the sets of sera that they

have exam ned. These were mce that were immuni zed subcut aneously,

doses of F1-V, the fusion F1-V
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antigen, and then they were chall enged
subcut aneously with 5 tinmes 10

7 LD50 doses of the
CU92 strain.

The four dose groups tested are shown
here. This is the dose of the F1-V fusion vaccine,
and this just gives the numbers of animals that we were
wor ki ng with.

This is a summary of the results. | wll just
show you this first. These are the sera fromall the
survivors, you know, pooled fromall those
groups, are assessed, and then, simlarly, the pre-challenge
sera of the nonsurvivors were neasured in
this assay.

It was found that the nean val ue of the
survivors in terns of again the quantitative | evel
of conpeting anti-V antibody is 44.6 micrograns per nml as
conpared to 7.8 mcrogranms per m in the nonsurvivors, and
this was highly statistically significant and are correl ated
very well with survival, and gave a predicted effective

dose, 50 of 8.2 mcrograns per ml of that antibody in serum
I won't spend too nuch tinme now. The
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obvious tests there are to performthe fact they
are using sera of imunized nonhuman prinates, this
is in process. W are testing sera generously
provided by Dr. Pitt and her coworkers involving the
nodel s of the African Greens and the cynonol gus
macaques.

The first set of sera, nost of the aninmals
in the experiments either lived or died, and the
sera aren't appropriate really for trying to assess
a correlation between survivors and nonsurvivors,
i f you have everybody has |ived or everybody has di ed makes
it kind of difficult, but nore experinments have been done,
nore sera has been collected, and Dr. Chanh and his workers
are very busily assessing the sera.

| can't say a lot about it yet unfortunately,
however, | took the data that they did do, they did assay
fromsonme of the very early studies where all the animals in
one group died and all the animals in the others lived, and

| kind of pooled it together.
They took the conpeting ELISA titers of
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t hese four groups of survivors and nonsurvivors,
and it does appear that we are getting a simlar trend in
t he nonhurman primates that we saw with the mce in that the
survivors will indeed have a significantly enhanced |evel of
conpeting anti -V anti body conpared to the nonsurvivors.

Now, in addition to the antibody-based assay, we
have been | ooking at sort of a nore functional assay of
anti -V activity to provide an additional correlate, in vitro
correlate, and we have been exam ni ng assays for anti body
based on neutralization of macrophage cytotoxicity.

As nicely described by Dr. Bliska, at least in the
| ater stages of infection with a virulent Y. pestis, the
organisns in vivo resist phagocytosis and they cause an
infection that is mainly extracellul ar.

In vitro, this can be nodel ed by
appropriate pregrowh of Yersinia pestis will put themin a
state that they resist phagocytosis and are cytotoxic for
macr ophages. W wanted to see if we could develop this
nodel as the basis of an
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additional cell-based in vitro correl ate.

So, the question was can anti bodi es that
protect agai nst pestis in vivo neutralize this in
vitro macrophage cytotoxicity assay, and, if so, what is the
role of Vand anti-Vin all of this, and as you have heard
and | won't bel abor the point, Vis required for the type
1l secretionnedi ated translocation of the cytotoxic Yops.
This is just a nice, very sinple diagram
that was published in an article in 1999 by Drs. Field and
Straley, and this just shows the close contact that is
required for this process of the pestis inducing the
cytotoxicity of macrophage, direct contact between the
organi sm and cell stinulates the production of the Yops and
their secretion and translocation into the target cell.

As you can see, what has been call ed
sonetimes the injectozone, which is the needl e through which
the Yops are translocated, it appears that V is the special
conponent of this, so it is essential in the actual delivery
of the cytotoxic Yops.
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V, of course, has nultiple roles and |
won't discuss any of the rest of this further, but
if Vis so essential in the translocation of the cytotoxic
Yops, the question was can anti body prevent the whol e

cytotoxicity.

W tested this. Steve Weks was the postdoc in ny
| ab, and he devel oped a ni ce nmacrophage assay to exam ne
t hese questions, and the initial assays were done just
sinply looking at LD8 rel ease, a term nal marker of
necrosis, cytotoxicity, and cell death, and he found that
when nmacrophages were grown, well, when Yersinia pestis was
grown in vitro for 2 hours at 37 degrees, and then
I ncubat ed, pretreated or incubated, the cells were incubated
Wi th normal rabbit serum and these organisns were then used
to infect cell cultures, there was no effect of the norma
serumon the cytotoxic activity, that indeed the Y. pestis
was cytotoxic for the macrophages and kill ed them however,
the organisns were simlarly pregrown in vitro and then
i ncubated with the rabbit anti-V anti body.
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Then, the m xture then used to infect
macr ophages, that this treatnent seened to ablate
the cytotoxicity. The sane effects were seen with the
i sol ated FAB fragnments of the antibody, suggesting that the
protection was just not nerely due to recognition by the FC
portion of the FC receptors of the cell.

W wanted to know i f the death of the nmacrophages
was due to necrosis or perhaps mght be a reflection of an
apoptotic or programmed cell death phenonenon, so we,

i nstead of neasuring LDH or besides nmeasuring LDH rel ease,
we al so did assays to nmeasure the caspase enzynes. Caspase
enzynes are proteases that are nmade specifically only during
apoptosi s, progranmed cell death, and the caspase-3 enzyne
is one that is made early in the process of the cell going

t hrough this death phase.

W wanted to see if this marker could correlate
wi th what we have seen with the LDH rel ease, and basically
it did. Wen you pregrew the bacteria, the pestis, the
fully virul ent
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organi sns or the pgmm nus organism the sane
thing, they effectively cause the increased
production of greater |evels of caspase than is seen
in uninfected cultures, so it seens to i nduce an
apoptotic type death pat hway.

As expected, uninfected cultures--1 didn't
show this--cultures infected with the organi smt hat
was cured on its virulence, also when there was no
cytotoxicity, and organisnms with a nutation in a
critical translocation protein YopD al so were
i neffective.

After devel oping the assay, we wanted to
test whether it was predictive in these ani nal
studies. The question was: Can serum macr ophage
cytotoxicity neutralizing activity from i nmuni zed
animal s serve as a quantifiable predictor of
protective i Mmunity?

The first tests were done with mce
i mmuni zed with F1-V, simlar to the set that
mentioned for the conpetitive ELISA. These aninals

recei ved 2 doses subcutaneously with different
doses of F1-V fusion vaccine, and then were
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chal | enged subg, and we tested the association
bet ween survival and cytotoxicity neutralizing
activity of the antibody and al so the effect of the
vacci ne dose.

This just gives the results, sera from
i ndividual mce. The mce were i munized. During
the course of inmmunization, fromday zero up to
just before challenge, sera were collected fromthe
animals to see if there was sort of a devel opnent
of neutralizing anti body or devel oprment of the
anti -V anti body.

W took all these sera from each nouse and
titrated each of them tested different dilutions, and then
used the sera in the in vitro assay to incubate with the
organi snms prior to the infection of the macrophage cultures

with the organi sns.

This shows the data for one nouse that ultimtely
lived after imunization. As you can see, over tinme, from
day zero to just prior to challenge, there was an increasing
devel opnent of anti body that was better with tine able to
neutralize macrophage cytotoxicity as indicated by
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the quantity of caspase enzyne that was detected,
so that quantity of that death-rel ated enzynme was
dropped with tinme as nore anti body--the data is not
shown here, but also the direct ELISA titers of the
anti -V anti body increased with tine.

As they increased with tine, the anount of
neutralizing activity also did. It just shows two
different dilutions. 1In contrast, these are the
set of sera froman aninal that ultinmately died, and as you
can see, there is no real pattern to the devel opnent, no
real evidence that cytotoxicity neutralizing activity has
devel oped.

W submitted the results of the studies of all the
animals and all these titrations for statistical analysis,
and we found the statistical outcone was that the vaccine
dose together with the decrease in serum caspase fromdays 1
to 56, just prior to challenge, correlated well with
survi val

This is sort of shown graphically here and
that the change in caspase |l evels over tine during the
process of imrunization is plotted at the bottom Negative
values nean that there is
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i ncreasing neutralization of the cytotoxicity,
whi ch neans decreasing | evels of the caspase. Zero or
positive values indicate that there is no effective
neutralization, and you can see this represents all the mce
fromthe 0.1 mcrogram dose group of F1-W.

This gives the probability of survival from zero
to 100 percent. In aninmals that were shown |ater to
survive, they had negative values in that they showed a
| arge drop in caspase |evels during the course of
i mruni zati on whereas the animals that ultinmately died did
fail to devel op neutralizing antibody.

W did simlar studies with animals that were just
vaccinated with a single dose of F1-V. This just shows the
groups that we had. There were 7 vaccine dose groups. They
all received one dose of vaccine from30 mcrograns to zero

on day zero, and then chall enged on day 28.

This gives the summary of the results. Again,
ani mal s i muni zed with one dose, we found that the nean
cytotoxicity-neutralizing val ue of
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the sera of the survivors was highly significantly
greater than that of the nonsurvivors and quite
predictive of protection.
This was the first set of reagents we have
been able to test where the nacrophage cytotoxicity

assay by itself was a marker predictive of

detection. It wasn't dependent on vacci ne dose or
anything. It was independently predictive of
i nfection.

Renai ni ng chal |l enges. O course, we want
to kind of verify the useful ness of this assay
using sera fromprimates that have been i muni zed
and we are, as | nentioned, in the process of
trying to anal yze such sera now

The ultinmate goal would be to determne a
| evel of serumin vitro neutralizing activity that
predi cts protection in both encapsul ated and

nonencapsul at ed or gani sis.

So, just to summarize, promsing correlate assays
of F1 and V antibody activities are bei ng devel oped,
however, a thoroughly tested correlate assay for inmunity to
pl ague has yet to be defi ned.



This will require for both the conpetitive
ELI SAs again rigorous tests with sera from nonhuman
pri mates and the same requirenents for nacrophage
cytotoxicity assay. Decide on a very definitive and
rugged standardi zed assay and then conplete tests
wi th nonhurman pri mates.

| won't go into this, but in the event the
macr ophage caspase-based enzynes fail to provide a
very good correlate of imunity, we are also at the
same tinme exam ning other markers of cytotoxicity
t hat cover the whol e range of the apoptosis cascade
fromvery early events in apoptosis to the terninal
necr osi s.

W are in the process of |ooking at a
nunber of different assays plus we are also, in
addition to nouse cells as a nmacrophage cell type,
we are | ooking, exam ning whet her hunman-derived
cells mght be nore better predictive, their

responses mght be nore predictive, for instance,

of the activity you would get with the nonhuman prinmate

sera, so we are sort of actively looking at this.

166



167

There have been contributors over the
years to this project. Tran Chanh, of course,
contributed sonme data to this presentation, and he and
Syl via have provi ded nunerous nouse sera, as well as
nonocl onal anti bodi es.

St eve Weeks, a postdoc in ny lab, was the first to
devel op the macrophage in vitro assays we had. JimHll
provi des nonocl onal antibodies, such as the 7.3. Jackie
Bashaw i s currently working very hard on these assays in ny
| ab. Kelly Rea has been previously associated with that
wor k, and then a nunber of people have contributed ani ma
sera fromtheir vaccine studies, Jeff Adanovicz, Gerry
Andrews, Louise, Chris Bolt.

That's it, the end. [ Applause.]

DR QU NN W do have sone tinme for questions.

DR M ZEL: Steve M zel, Wake Forest. Wat form

did you i mmunize with F1-V, did

you have al hydrogel ?
DR, WELKCS: | believe it was always formulated in
al hydr ogel



DR. M ZEL: | have another question which
relates to testing in these aninal nodels. W are
maki ng up antigens that are really not done in a
GW facility. So, is it possible, do you check for
endotoxin | evel s and bacterial DNA things |ike
that, so that when we transition to humans at sone
poi nt that we are not--and we are naking fewer
preparations that can go into humans, that we mn ght
see different results?

DR. VWELKGCS: | believe endotoxin |evels
have been checked. DNA, yes, in sone instances,
because there are studies that are kind of pre-G.P
at this point in time, can anybody el se from ny
pl ace comment on that?

| can't give you nunbers, but these kind
of tests are being done because sone of this work
is at nearly GLP stage.

DR WLLI AMSON: | just wonder whether you
can say anything about how these assays read out
bet ween nouse and nonhunman prinate, are you getting

very simlar results in the nonhuman primates?
DR. WELKOS: Are you tal king about the

168
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conpetitive?

DR W LLI AMSON:  Yes.

DR. WELKCS: Just that one graph | showed
t hat suggested that it was a prom sing indicator
that the primates that went on to survive were
gi ving higher titers of conpeting anti-V anti body
than the nonsurvivors, but like | said, we are just
now col | ecti ng sone data which provide a nice range
of sera from survivors and nonsurvivors, which we
have been needing, and they are being tested, but
it seens prom sing, but beyond that, | can't say.

It will be very nice when they have
characterized the epitopes, the specificity of sone
of these protective nonoclonals, and nore can al so
be said at that point | think.

DR. W LLI AMSON: Anot her quick question is then do
you see a difference between the African Green and the
cynonol gus nodel in the conpetitive ELI SA?

DR VELKOS: | don't know. | don't have that

i nformati on.
DR. BLI SKA: M questions are about the
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cytotoxicity assay. It looks like it's working
great. | was curious about a couple of details.

When you are using serum have you rul ed
out that there is conplenment-nmediated killing of
the bacteria during the cytotoxicity stage, for
exanpl e?

DR. VELKOS: Not directly.

DR BLISKA: | think the organisns are
resistant, but | was just curious.

DR. VELKCS: No, | amsorry, we haven't
directly addressed that question that | can think
of .

DR BLISKA: The other issue was | have
noti ced--and maybe you have switched to using

Yer si ni a pseudot ubercul osis--and | noticed that Dr.

Wl lianson had also. | amwondering, is there a
reason for that, is it just nore reproducible?
DR VWELKCS: It works also with pestis, so we can
do it under BL2 conditions. W use a straight test, pgm
m nus and Pl a-m nus, highly attenuated, but JimH Il clued

us in to the pseudotuberculosis, the strain that is nutated
for
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its owmn V and is transfornmed with this nice
expression plasmd to PTRCB plasmd, that | think Dr.
Forrestburg originally isolated, that produces a nice
quantity of V, and it just gives nice, cleaner results. It
gives better cytotoxicity sometinmes in our controls. W
al ways have a set of controls, you know, untreated to nmake
sure that we are killing the cells.

They seemto give conparable results with the
pestis, but we have just gone with the Y.ptb for now just
because it is easier to handle, you know, better, easier,
cl eaner results.

DR BLISKA: The last issue is you nentioned that
sometines in this, I would say you get sone transl ocation of
the Yops even with neutralizing antibodies, so | was just
curious if you considered neasuring cytoki ne productions for
sonmething in addition to apoptosis, it mght be another

reflection of a neutralizing.

DR WELKOS: That would be an excellent thing to
do. The only thing we had done was try to see if anti-V
anti body woul d kind of neutralize the



stimulation of 1L-10, and that was kind of a bust,
but your suggestion is well taken. That is
somet hi ng we shoul d consi der.
DR. QUI NN: Last question.

DR. PERRY: Bob Perry, University of
Kent ucky.

Just to quickly answer Jinm s questions
about conplenent-nediated killing, they are
resistant in the absence of specific antibody, and
| think Bob Brubaker had a paper that showed that
it was probably due to the short LPS, no antigen
side chain was involved in that.

But in the absence of a specific antibody, they
are resistant, so it is not a problemw th the assay.

DR. QU NN: Very good. |If there are no nore
gquestions, then, we will close the session and thank the
speakers once nore for their presentations.

[ Appl ause. ]
[ Luncheon recess taken at 12:20 p.m]
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AFTERNOON SESSI ON
[1: 40 p. m]
DR. MEYSICK: W will get started for the
next session.
Session 3: Human Di sease and Rel evant Ani mal Model s
Moderator: Dr. C. Richard Lyons
The next session is Human Di sease and
Rel evant Ani mal Model s, and the noderator for this

session is Dr. Rick Lyons fromthe University of

New Mexi co.
Ri ck.
DR LYONS: Thanks, Karen.
This session, we will take a | ook at the

epi dem ol ogy of human di sease and how t he ani nal
nodel s relate to that.
The first speaker is Jacob Kool from CDC,
Fort Collins, and he will be tal king on pl ague
epi dem ol ogy and human di sease.
Pl ague Epi dem ol ogy and Human Di sease

Dr. Jacob Kool
DR, KOOL: | would like to thank the organizing
commttee for inviting ne to this very
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i nteresting workshop.
| will be the one | guess giving the
background tal k about clinical aspects of the
di sease and epi dem ol ogy, but | am especially excited about
the opportunity to tell you about the CDC clinical trials
that we are currently doing.
We are eval uating drugs and di agnostics in Madagascar and in
Uganda. | wonder if those drugs mi ght also be used for a
vaccine trial.
| devel oped a slight cough on ny way back from
Madagascar, | just cane back a few days ago.
| hope it is not a slight case of pneunonic plague, but |
have to apol ogi ze because | didn't have tine to subnmt ny
handouts in tine to be included in your handout.
In this presentation, | will talk about the
epi dem ol ogy of plague in the world, in the United States,
and the inplications of bioterrorism | wll talk about
clinical aspects of plague, of course, naturally occurring

pl ague with an enphasi s on pneunoni c pl ague.
Karen Meysick suggested | should bring a
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|l ot of x-rays. Now, it is pretty hard to get x-rays of
pneunoni ¢ pl ague, but | have done ny best.

At the end, | would Iike to nention a few field
sites in Uganda and Madagascar.

You have already seen this picture, the
gl obal distribution of plague. The red areas are
actually the interesting areas where we think there
are still sylvatic, endemc foci of plague. It is
the western U.S. where there are only about one or
two cases a year now.

South Anerica, Asia, there are probably
still a lot of cases in southern China, we don't
hear a | ot about them They don't always get
reported. 1In fact, nore than half of all cases,
about 80 percent of all cases are reported from
this area, eastern Africa and Madagascar. Up to a
few years ago, Madagascar reported about 50 percent

of all cases of plague in the world through WHO.

In the United States, as you all know, plague was
first inported into the U S. in 1899. It first caused
out breaks in San Francisco in the Bay area, and in Los
Angeles in '24, and then it



176

suddenly seened to al nost di sappear until it shot
back up in the sixties and especially peaked in the md-
ei ghti es.

Maybe in this period in between, these outbreaks
usually were transnmitted or propagated by urban rats, and
t hese outbreaks in these cases are usually associated with
wild rodents in the western plains in U S., so perhaps these
rodents needed these years here to get infected, to
establish the infection.

So, nowadays, nost cases of plague occur in New
Mexi co, and they are usually sporadi c cases of bubonic

pl ague associated with rodents |ike prairie dogs.

This is the way plague is transmtted. Qur plague
ecol ogi st gave this slide to ne. Here is a picture of a
prairie dog. There is this epizootic cycle of prairie dogs
and their fleas, and occasionally, very rarely really, it
gets transmtted to humans, for exanple, when a human passes
a prairie dog colony, and the dogs, when they are dead, the
fleas will | ook for another
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host .

What happens a lot, too, is that other
animals, for exanple, cats who are hunting for
prairie dogs get infected, and cats can devel op
pl ague especi al ly pneunoni c plague. The only cases
of pneunoni ¢ pl ague that we see nowadays are
usual | y cat associ at ed.

So, when the case of bubonic plague turns
pneunoni ¢, then, you can have the cycle of
transm ssi on anong persons, of course, and these
domesti cated animals and mce and rats
theoretically can also sustain a cycle, but this is
very rare nowadays.

This is a typical picture. |n 2002, there were
two cases, a couple who traveled fromtheir hone, this hone
in New Mexico to New York City and devel oped pl ague whil e
they were in New York City. You can see that this is a
typi cal habitat of prairie dogs, and there is clearly a
short
i nterface between humans and wild rodents in this type of

dwel I'i ng.
Pl ague occurs nostly in the sunmer in the
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United States. This is the clinical presentation
that we see in the United States. Over 80 percent is
buboni ¢ pl ague. Then, the next chunk is septicen c pl ague,
and only about 2 percent are called pneunonic. This is the
primary presentation. O course, there are sone pneunonic
cases anong t hose bubonic pl ague cases, secondary pneunonic
cases.

The bi oweapon potential of plague, as we nentioned
before, it is thought that Yersinia pestis was recognized by
the former Soviet Union for aerosol delivery.

Theoretically, it can be engineered for antimcrobia

resi stance or virulence. F1 deficiency, | amtold is quite
easy to get into the bacteria, and this would have

i mplications for vaccine devel opnent, but also for

di agnostics. Mbst of our diagnostics are based on detecting

the F1 antigen.

Theoretically, maybe |yophilized fornul ations
could be used as a weapon. We don't know what w || happen
in the environnent if after releasing over a city, if it
will establish itself
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anong t he urban popul ati on agai n.

This is the only Category A bioterrori st
agent that can also be transmtted from one person
to anot her.

So, in 1970, WHO called in an expert

panel, and they estimated that if 50 kil ograns of
Yersinia pestis would be rel eased over a city of
about 5 mllion, this could cause about 150, 000
cases, nore than 30,000 deaths, hospitalization for
up to 100, 000 people to a secondary spread, they
t hought m ght affect another half million people
with up to 100, 000 deat hs.

This is an old picture of typical bubonic
pl ague, typical bubo. This nust be the place where
they tested the aspirate, where the blood is.

Here is a picture of a septicenic plague case.

Al'l you can showreally is a very sick, obtunded patient.
Pneunoni ¢ pl ague. As we nentioned before, there

are two fornms of pneunonic plague. Secondary pneunonic

pl ague is what we see nornmally. It is caused by

hemat ogenous spread of the bacteria from
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a bubo or fromblood in the case of septicemc
pl ague to the | ungs.
Pri mary pneunoni c pl ague, of course, is
caused by direct infection of the lungs, and this
is the disease that we are really interested in today,
because that is caused by terrorism as well.

Pri mary pneunoni c pl ague, what we know about
primary pneunonic plague is nostly from historical accounts
especially the | arge outbreaks in Manchuria in 1910 and 1920
where, in total, about 76,000 people died of primary
pneunoni ¢ plague. Since then, there have been only very
smal | out br eaks.

We know that it has a very short
i ncubation time, probably 2 to 4 days, and the range nay be
between 1 and 6 days, but there are a | ot of questions about
t hose historical accounts, about determ ning the date of

onset with those patients.
It typically has an acute ful m nating course
characterized by a system c inflammuatory



181
response syndrone with dissem nated intravascul ar
coagul ation, ARDS, so they require intensive
support, and just a few cases could easily overwhel mthe
capacity of the health care system

Mortality is 100 percent. People usually
die within 3 to 6 days after onset if they are not treated
early, and that neans it is clearly necessary to give the
first dose of antibiotics within 20 hours of onset, and that
is quite a chall enge.

In the United States, as | nentioned, there have
been sone out breaks of primry pneunonic plague. The only
cases real ly of human-to-human transni ssion were in 1919 and
in 1924 in Cakland and in San Francisco. Since 1925, there
has been no human-to-human transm ssion of plague in the

United States.

There have been 8 cases of primary pneunonic
pl ague. Six of those were associated with cats. Most of
them were veterinarians who were treating a cat with
pneunoni ¢ pl ague. One was associated with a | aboratory
acci dent. Soneone was
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centrifuging Yersinia, and the vial broke, and one
remai ns unknown.

| tried to give a description of what does
pri mary pneunoni c plague |ook |like, and | have to
go to very old sources, Wi Lien-Teh from Manchuri a
in 1926, Pollitzer, TomButler in Vietnam

What they seemto describe as a typica
case is an initial noninfectious stage which m ght
| ast several hours, up to about 24 hours. W Lien-Teh calls
it a noninfectious stage because he
noticed that hardly any of these patients ever
cont am nat ed ot her people during this stage.

This stage is characterized by a sudden onset of
mal ai se, chills, severe headache. There is increased
respiratory and heart rates, and during this stage, the
tenperature rises steadily.

After several hours, you will see a dry
cough devel op whi ch becones progressively productive, but
even the sputumstill doesn't contain nany plague bacilli.

It was usually very hard to find any bacteria in the sputum
This m ght continue for hours up to a few
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days even, and in the final stage, this neans a few
hours before they die, maybe only one hour before
they die, the patient will have bright red sputum
and if you | ook at that under the m croscope, you
find many plague bacilli in alnost pure culture, as
they describe it. These are the patients that are
very infectious.

So, it is kind of hard to recogni ze a case
of pneunonic plague in the early stages, and in
t hese days, the patients should rarely actually
progress to this stage here. This is only when
patients are not treated with antibiotics.

Here are sone pictures fromthe outbreaks in
Manchuria. Here are two cases of pneunonic plague. This is
a patient in the early stage, and this is a patient in the

final stage, just before death | guess.

Here you see a patient with bl ood-stai ned bed
i nen who is coughing up red sputum Here is one househol d,
everybody, all the dead people in one household. There were
| ots of pictures like this.
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Here are sone nore pictures of pneunonic
cases. You see how the health care workers
protect ed thenmsel ves with masks. These patients
were exanmined in the open air.
The only picture that | could find, the
only x-ray of the primary pneunonic plague case in
the United States is this one. This was a 22-year-old nale
in California. | believe it was the md-eighties. It is
not clear where he got his
i nfection, but he started to feel ill on a Friday,
and he even reported to work on Monday, and only on day 5,
on Wednesday, is when he was brought into the hospital
nori bund, he was very ill, in severe respiratory distress.
This is the x-ray that was nade then. You can see
a large infiltrate in the right lung. Only at 12 hours
| ater, the patient |looks like this. He devel oped adult
respiratory distress syndrone, and he died within two days

of hospitalization in spite of nechanical ventilation.
Here is his hand. This was before we gave this
di sease the connotation of the Bl ack Death.
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Thi s necrosis occurs, not just in the hands and
feet, but in all organs in the body.
Here is another. | apologize for the
quality of this picture. There is an interesting
article by Alsifomin 1981, but all these cases are
secondary pneunoni c cases.
You see, in this case, a |large nunber of deaths.
Only 12 hours later, this has becone nmuch worse with
bilateral infiltrates, diffuse bilateral infiltrates.
This patient, you see left pleura
effusion, and this was actually nade a few weeks after
recovery. He still has a cavitary |esion.
This patient shows bilateral pul nonary
parenchymal infiltrates.
This is a case of bubonic plague that does not
have pneunonia. This whole picture is actually caused by
the DIC, not by infection of the lungs. So, an x-ray doesn't

always tell you if it is pneunonic plague or not.
Treatnment of plague is parenteral. It is done
wi th these antibiotics - streptomycin,
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gent am ci n, doxycycline, ciprofloxacin. Gentamcin
and ci profl oxacin have not been FDA approved al t hough they
are part of the national pharnaceutical stockpile.
Prophyl axi s can be done with co-trinbxazol e.

Person-to-person transnmission. Contrary to what
many peopl e believe, plague is not very contagious. The
risk is not as big as people think. The last tine this
happened in the U S., as | said, was 1924, and it only
happens in very close contacts. You have to be closer than
at least 2 neters, and the surgical nask is probably
protective. This is what health care workers in Manchuria
used, and it was quite effective. It was nade of cotton

Like | said, they are only infective in the later
stages, and after one day of antimcrobial therapy, patients

are not infectious anynore.

So, | would like to show you a bit of our field
sites in Africa. W are doing field sites in Uganda and in
Madagascar. Qur project consists of
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two parts. One is to deternine safety and
ef fectiveness of gentamicin. In Uganda, we conpare it to
doxycycline. |In Madagascar, we conpare it to streptomycin
because those are the nationally used regi nens.

W al so take this opportunity to evaluate newy
devel oped rapid diagnostic tests, dipstick kind of tests.

My col | eague, Marty Schriefer is here. |f you have any
guestions about this part, he will be happy to answer it.

We are evaluating four brands of dipsticks, and
they are all based on detecting the F1 antigen. This study,
by the way, is funded by FDA/ CDER

These are the four diagnostic tests with
di psticks. Al of themwere originally devel oped by the
US mlitary, but this one was taken over by the Institut
Past eur in Madagascar, and they are already using it in that
country. These three are newy devel oped, and we are
eval uating those together with the Institut Pasteur

di psti ck.
For now, they have only been approved for
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nonhuman use. W hope to change that. They are
showi ng very good results so far

These are the countries - Uganda and
Madagascar, and we found wonmen to col |l aborate with
us on this clinical trial. W have been preparing for this
study for about two years now. W had to conpletely
renovate and equip central |aboratories in each country that
were close to the plague endem c areas.

The field sites where patients actually conme to
the clinic had to be equipped also with colorinmeters to test
ki dney function, and we did all kinds of other things,
electricity, refrigerators, comunications. W had to get
vehicles to transport specinens and to transport patients,
and we have hired and trained nany field staff. |IRB
approvals were quite a challenge, but we got it approved.
Accounting is also inportant in these countries. Uganda
ranks | think nunmber 5 anong the nobst corrupt countries in

the worl d.
I n Uganda, plague tends to occur in these
hi ghl ands here, at the border with the Congo in
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nort hwestern Uganda. This is the West Nile region.
Qur field sites. W have our central
| aboratory | ocated i n Arua, the |largest town of the
West Nile region, and we have 14 field sites al ong
t he Congo border where we expect to see cases of
pl ague.
Uganda sees about between 200 and 500
cases per year in that snall area. Cases have a
seasonality. They occur nostly between Septenber
and Decenber. This is after the harvest when
peopl e bring their harvest into the house, and the
rats follow the harvest, and they bring plague into
t he house.
Here are sone pictures of rural clinics in Uganda.
| really wanted to put your attention to this one. The
pl ague isolation ward of Agiernach.
This is a plague case. A young boy who

had buboni ¢ pl ague | ast year.

This is the laboratory. It is an area that had
been ravaged by civil war several times, the last tinme about
15 years ago, this building was sacked. W were donated
this building, and we
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renovated the whole thing, and it now | ooks |ike
this.

This is when our equi pnent arrived. They
brought it in a big container. There is no crane,
so they had to tie a rope to a tree and then drive the truck
out underneath it. This just gives you idea of the
renot eness. Fortunately, they had taken out the equi prment
before they tried this, so this is what happened.

W were lucky. This is Marty Schriefer. He is
sitting right there. W were |ucky that he was standi ng on
this side, but no problem we just roll it back, and it is
now our storage shack

I will show you sone pictures of
Madagascar. This is rural Mdagascar. They have not yet
i nvented the chimey. The reason why in Madagascar there

still are small outbreaks of pneunonic plague, famly
out br eaks of pneunoni c plague, at night they hernetically
close their doors and wndows. | think it has sonmething to

do with a fear of ghosts, maybe also to keep the warnth in.
As you see, there are no chi nmeys, so
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it isreally a great place to get any respiratory
i nfection.

Suspect ed cases of plague in Madagascar,
as reported to WHO, they have reported up to 3,000
cases in the md-nineties, but this has gone down,
and confirmed cases have al ways been quite | ow.

Because of the distances, it is really hard to
confirmany cases m crobiol ogically.

The cases that | have gone down for
because they have started to use the dipstick test,
and they were able to show that nmany of these cases
actually were not plague. So, now there are
several hundred cases a year in Madagascar
Lethality is now about 20 percent.

Here is a typical bubonic plague, an early bubo
wi t hout pus. They regularly see pneunonic cases, |ike |
said, but these are already
recovering or recovered al nost.

Qur field sites are in the highlands.
This red area is where plague occurs in the highlands
nostly. W have chosen this snmall area where the incidence
has been the greatest in the
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| ast five years, and we have equi pped 10 rural
clinics and the Central Plague Hospital in the capital of
Atonaria [ph].

This is the Central Plague Hospital. W built our
| ab there conpleted by a safety cabinet and freezer and
everything. The rural clinics have been equi pped with sol ar
panels. Here, you can see someone working with a centrifuge
that we gave himon the first sanples fromthe first case of
this season

Here is a colorineter that he is going to use to
determ ne creatinine for renal function.

This is our first case. She was brought
in severely dehydrated after a ride over this road actually
for six hours in a wheelbarrow. This is the type of
i solation that these people live in. This is actually her
village. W went out there two days ago. This was e-muil ed
to me last night. It is only a hanl et of about five of six
houses.

The dipstick test did very well on this
patient. | haven't heard how the patient is doing now, but
we expect that she will recover.
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This is ny last slide. So, our tineline
for our clinical trials are to go--we have just
started, like | said, this October--we will go for two
seasons. So, the project is projected to end in the spring
of 2006. After that, we think it will be a waste not to
keep on using these |aboratories in these field sites, so we
hope that we can find a way to continue this work. Maybe we
can devel op novel methods for control anmong rodents and
fleas. Maybe we can follow up our clinical trial to test
fl uor oqui nol one, and who knows, naybe these sites are useful
for vaccine evaluation, as well.
Thank you for your attention.
[ Appl ause. ]
DR. LYONS: 1In order to stay on schedule, we
probably have tine for one or two questions.
DR. FROTHI NGHAM  Ri ch Frot hi ngham Duke

Uni versity.

You alluded to the inportation of plague to the
Americas in San Francisco, | think in the latter part of the
19th century. | wanted to pose



to you the question that | get all the tine, which
is, of course, this would never happen, ny mnce
are never going to get |oose, but the question is
if my mce get |oose, they will be consuned by
sonme predator pretty quickly, what is to stop the
devel opnent of a new sylvatic focus, and why is it
that these foci develop in certain places.

DR. KOOL: That is a very good question.
| don't think |I have an absolute answer to that,
because at the sanme tine when these rats were
i ntroduced into San Franci sco Harbor, of course,
they came to New York, as well, and to Houston
everywhere where there is a port.

So, there nust have been sonething about
the western U.S. that is nore friendly to plague,
to developing a sylvatic focus. O course, in
t hose days, hygi ene was nuch worse, there was nuch
nore interface between humans and rodents in their
houses, so, yes, the big question is, could it
establish itself again anong the urban rodent

popul ation. | don't know the answer to that.
DR. McI NNES: Panel a Mclnnes, N AID.

194
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| am sorry, Jacob, if you nmentioned this,

| didn't get the actual design of your clinica

trial, your interventions. | didn't get that.
DR, KOOL: | didn't have nmuch tine to go into that
in detail, but what we do is we conpared treatnent with

gentamcin to the treatnment that is normally used in those
countries, to the national standard, approved standard of
care.

I n Uganda, the approved standard of care is
doxycycline, or tetracyclines in general, and in Madagascar,
they still use streptonycin, intramuscular injections. So,
a patient with plague who cones in with suspected plague is
random zed into one of two treatnment arns. They either
receive gentamcin for 7 days or they receive the other

drug, the national drug, and then we follow them equally.
DR LYONS: | just have one question. |If anybody

in the cromd had a di agnostic, however, are these sera at

all available, or are you going to stockpile them so that

peopl e coul d have access to the infected sera to test

agai nst gol d standards?
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DR. KOOL: Yes, we thought this was the
great opportunity to get new speci nens from pl ague
patients, so we do ask for the patient's consent to
keep their serumand their aspirates, and we plan
to transport them back to the United States.
DR, LYONS: G eat.
Thank you very nuch
[ Appl ause. ]
DR. LYONS: The next speaker will be Pat

Wor sham from USAMRI | D on snmal |l ani nal nodel s of

pl ague.
Pat .
Smal | Ani mal Mbdel s of Pl ague
Dr. Patricia Wrsham
DR. WORSHAM | was asked to concentrate today on

hi storical perspective on small ani mal nodels for plague and
totry to tie that in with the aninmal nodels that we are

usi ng predom nantly today.

One of the very first animal nodel ers was Yersin
hinself. He isolated a |live attenuated vaccine strain which
he found was virulent in rats,



but not in five species of namcaques.

He was quite interested in determ ning
whi ch species nost closely reflected that of the
human, so he identified a human volunteer, in this
case hinself, and he injected hinself, not like
Haffkine with a killed vaccine, but with a live
vacci ne that he hoped was attenuated.

Luckily, he survived this, he had only
transient fever, and he declared after this that he
bel i eved that the susceptibility of the macaque
nore closely resenbled that of man than of the rat.
Not something we can do in today's environnent, but
i nt eresting nonet hel ess.

A nunber of small animal nodel s have been
explored. The nobst conmon are the nouse, the
guinea pig, and to a |l esser extent, the rat. O her
nodel s have included ground squirrels, rock
squirrels, the nulti mammate nouse in South Africa,
vari ous other rodents, |agonorphs, and donestic
cats, but there are inherent difficulties in

conpari ng these nodel s.
First of all, historically, there has been

197
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very little consistency in the strains open for
study and the strain of animl chosen for study, or
the source that the animal was obtained from In
fact, sone of these aninmals were obtained fromthe
wild historically.

There is little consistency in the way the
chal | enge inocula are prepared to the way that
experinents are conducted, so it is very hard to
conpare experinmental studies because of this.

The really consistent thing with all of
these is that the predom nant antigen that has been
| ooked at over the years has been the F1 capsul ar
anti gen which you have al ready hear about today.

Per haps the best characterized nodel is
that of the nouse. It has certainly been the nost
utilized. 1t's an accepted nodel of bubonic and
pneunoni ¢ pl ague. The pathol ogy for the nost part
resenbl ed that of human di sease. It is desirable,
obviously, in terns of handling, space, and

expense. They are snall, inexpensive animals.
You can have a lot of them and it is a well-established

for both active and passive
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i mruni zation that has been alluded to by other
people earlier. It is also useful for
nontradi tional or nodern vacci ne strategies.

> LD50 subg is from1l to 10 CFU and, by
aerosol, from 10

o 105. This is inhal ed dose.
Also, the availability of different nouse
strains and our know edge of nopuse genetics all ows
us to explore the role of various conponents of the
i mmune systemin both innate resistance and acquired
immunity, and D ane has already alluded to that, as
wel | .

In 1949, K F. Meyer described the disease
progression in mce challenged parenterally with
Yersinia pestis, and it is not inconsistent with what
we see in clinical cases of bubonic plague.

Fairly soon after exposure of the aninma
to the organism they are carried to the regional
| ymph nodes, transferred to the thoracic duct and the
bl oodstream This | ow grade bacterem a may go on for
several hours, it seeds the liver, the spleen, and
bone marrow in mce, and after replication of these
organi sns, there is a term na
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heavi er bact eremn a.

A nunber of nethodol ogi es have been used
to | ook at what is hoped to be a nodel of pneunonic
pl ague in the nouse. Snall particle aerosols
i nduce primary pneunoni c plague. This has been shown pretty
consi stently.

In many cases, there have been aerosols used which
give variable particle size. In sonme cases you get disease
that is characterized, rather than prinmary pneunonic pl ague,
it is characterized by cervical bubos and septicema, so it
is a different disease process caused by these |arger
particle aerosols. Pneunonic disease has al so been reported
in intranasal installation, but only about 10 percent of the

i nocul um actually reaches the lungs in this case.

There have been a lot of |ive attenuated vacci nes
evaluated in the nouse. The results are quite dependent on
the type of attenuation that is present in the strains, but
sone good protection has been denonstrated. There is
residual virulence in sone vaccine strains, and this has
been a
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probl em over the years especially in the early days
when the lesions in the attenuated strains were not really
genetical ly defined.

Inbred mce exhibit varying levels of sensitivity
to attenuated strains, and many of these attenuated strains
have been, as EV76 is, pgmminus. Sone of them have other
| esions, as well, and every strain of EV76 is different from
every other strain of EV7/6, so it is also very hard to go
over that part of the literature.

There are reports that CBA nice are nore resistant

to attenuated strains than C57 Black 6 nice.

Over the years, starting wth Meyer basically, the
nouse has been used to | ook at the passive protection nmodel.
Meyer used this to evaluate the response of human vol unteers
to potential plague vaccines, and this has al ready been
di scussed to a certain extent, but basically, the nouse is
given I.V. the sera in question, and in about 30 m nutes,
the nouse is challenged over the right inguinal node with
about 1,500 CFU of



Yersinia pestis.

There are sone really strict standards to
do the Mouse Protection Index correctly. Each tine
the test is done, the LD50 has to be repeated for
that inoculum and the LD50 should be no nore than
12 CFU.

The organisns are nonitored for 14 days,
and the MPI is calculated. It's the percentage of
m ce dead during that period over the nmean tine to
death. So, as this nunber gets larger as nore nice
die, in the nmeantine, the death is small, that
nunber is very large, and that is not a good
protective index.

But as you get nore mce through
nonitoring, and the ones that do die take |longer to
die, the protective index gets lower, and that is

an indication of protection.

Ther e have been sone recent denonstrations of
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vaccine efficacy in mce. One is the fusion protein of F1

and V, and you have heard a | ot about those V antigens by

now. This is actually a fusion of the two proteins
expressed together, that was
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originally made by Dave Heath, who is in the
audi ence.

This, conbined with al hydrogel, gives
excel l ent protection agai nst parenteral or aerosol
chal l enge in Swi ss-Wbster outbred nmice, and it
protects, and this is very inportant against both
Fl-positive and Fl-negative strains, because Fl-
negative strains do obtain virulence in the nouse
nodel and in the nonhuman primte nodel .

Now, the study | just discussed used
outbred mce. This is one of Diane's studies here
that she already discussed, but just to go through
briefly, they | ooked at inbred nouse strains. All

of themresponded well with good IgGlL titers.

They used al hydrogel as an adjuvant, so it was a
Th2 type response, and this is an interesting point that |
had not considered before, and that is that there is a
problemw th keeping nmale mce |long term because of
aggression, and this may affect the results of studies if
mal e m ce are used especially long term but they did point
that titers were maintained well in female nce.
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DNA vacci nes have been used in the nouse
nodel . There were sone early reports that a prime-boost
approach worked well in inbred mce, but not
in outbred mce. These inmunizations were done | M

More recent studies indicate that the gene
gun mght be a better approach as an inmuni zation
route and that conbining it with a vector that targets
expression to cytosol nmay be nore successful, but to ny
knowl edge, nobst of these | ater studies have been done with
i nbred strain mce, as well, so we really haven't resolved
this issue.

The guinea pig is also the historical nodel of
plague. It is quite sensitive to Yersinia pestis, but
historically, there is reported to have been a seasona
resistance to infection, that is, during certain years, at
certain tines of the winter, the guinea pigs were not as

sensitive to infection.

Sonme of it may be circunstantial. There was a
bel i ef anong sonme early plague researchers that certain lots
of gui nea pigs were nore



205
sensitive or resistant to plague in general, and
t hat perhaps using a nore inbred strain of guinea
pig and a nore consistent source would help their
resul t.

It is known that F1 capsule is an
i mportant virulence factor in this nodel, although
Fl-negative strains are attenuated in the guinea
pig, they are not in the nouse significantly, and
they are not in nonhurman primates, so this is a
di fference between the guinea pig and ot her nodel s.

For the nost part, the disease resulting
from subcut aneous infection is simlar to that seen
in mce.

The very early aerosol nodels are
described in the guinea pig around the turn of the
century, the previous century. Culture suspensions
wer e described as being sprayed in the air, so
these are probably nmulti-size particles, and for
the nost part, it did not really induce true

pneunoni ¢ pl ague.
The necropsy showed cervical and | aryngeal edenmm,
cervical buboes, septicem a, and henorrhage
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of the intestinal wall. So, this is probably nore
of a pharyngeal plague being produced. In sone
cases, there was evidence of secondary |ung
i nfection, but not prinmary.

There were additional reports of
intratracheal installation of organisnms that could
cause pneunoni ¢ pl ague al t hough the percentage of
animal s that actually acquired true pneunonic
di sease fromthis was not clear

I ntranasal nodels were al so discussed in
the literature. These animals were anesthetized
and about 10 percent of these organisns actually
make it down to the lung, and it is interesting to
note that sone guinea pigs did transmt the
infection to control cagenmates during these
studies, but it is not clear whether it was

pneunoni ¢ transfer or other nethods.

There were sone nice studi es done by Druett in
1956 showi ng that the particle size affected the course of
di sease in guinea pigs. Guinea pig respiratory tract
apparently does not allow particles greater than 4 m crons
to reach the
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| ungs.

Particles less than 1 micron initiate a
bronchopneunoni a, very characteristic of a fewin
pneunoni ¢ plague, and the larger particles deposit in the
upper airways, and that is where you start to find the
cervical nodes and septicenm a, but not any primary
pneunoni a.

The guinea pigs, this is a nore nodern study.
This is one that Sue Wl kos put out a few years ago. The
aerosol LD50 or type strain Colorado 92 is simlar in the
guinea pig to that of mce, but unlike the nouse, F1-
negative strains were attenuated in the guinea pig nodel,
and what Sue found was that parenteral infection was
protracted and often not dose related, which is not a good

thing in an ani mal nodel.

In general, what has been found is that guinea
pi gs respond better to live attenuated vaccines than to
subunit vaccines. You can enhance the response to subunit
vacci nes by giving thema very large antigenic nmass, much
| arger than other experinental nodels or by addition of oil-
based
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adj uvants, which are not really considered to be
ideal in today's environnent.

Passi ve protection of guinea pigs has not
been particularly successful over the years.

Again, this is sone of Diane's work that
she al ready discussed. The response to F1 is nore
vari abl e than that seen in the nouse. The response to F1
was slower than that to V, which is the opposite of what you
see in the nouse. Q@uinea pig sera can passively protect
m ce, and there was sonme protection of guinea pigs observed,
but not the | evel of protection that we would see with the
nouse.

There was sone evi dence of bubo devel opnent in
i mmuni zed animal s and very long-terminfections here, not a
good nodel of acute disease, and again the response to Fl-
negative strains is different than it is in other aninal

nodel s.

Live attenuated vaccines were extensively explored
In guinea pigs. Again, like the nouse that you woul d
expect, the results depended on the nature of the
attenuation, but there were sone
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cases where excellent protection was denonstrated.

Sonme vaccine strains--this is a very
i nteresting paper by Meyer--showed that strains
that were essentially avirulent in guinea pigs
killed nonhuman primates. The exact title of the
paper | think was Strains Harml ess to Gui nea Pigs
and Highly Virulent in Primates, which is a scary
sentence in ternms of |ooking at the guinea pig
nodel .

So, here are sone statenments nade over the
years about the guinea pig. "The guinea pig is not
a suitable animal for testing plague antiserum”

"I'n experinental plague imunization, the reaction
of the guinea pig has been unique. It is not quite like any
ot her ani mal nodel ."

Finally, "The response of guinea pigs did not
of fer any inprovenent over mce in evaluating the efficacy

of pl ague vacci nes."

So, these reasons, along with sone others that |
have nentioned, really have |l ed many investigators away from
t he guinea pig as an ani mal nodel .
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A nodel that has not been as extensively
explored is that of the rat. Chen and Meyer, al ong
with WIlians and Cavanaugh, and some other researchers in
the seventies, did do sone research with various types of
rats, different species, what they just call the "Sprague-
Dawl ey | aboratory rats,” | amno exactly sure which one that
is, and they found that the subqg | ethal dose was
significantly higher than that of m ce or guinea pigs, and
that they found resistance to infection, not just in aninals
trapped in endenic areas, but also animals taken from areas
whi ch were not endenic and | aboratory rats thensel ves, so
this didn't appear to be acquired i mMmunity.

As a side line, it is interesting to note that
they found anti body and resistance to infection was

transferred to the progeny of imunized ani nals.

Based on these results, they divided rats into
three groups which they believed to be genetically
different. The first are susceptible rats which die froma
fairly small dose



211
consi stently.

The second, partially resistant, that is,
they survive a small dose. Sone of them
seroconverted and acquire immunity to a |larger dose. Those
whi ch do not seroconvert remain susceptible to the higher
dose.

What they call resistant, which survive, do not
seroconvert, and they renain resistant to even hi gher doses.
There is sone evidence that this may i ndeed be genetic, and,
in fact, they derive their strength fromthe Wstar rat,
which they call "WR " and | amassunming it stands for Walter
Reed since the researchers were fromthere. That was highly
susceptible to plague regardl ess of the age of the rat, the

sex of the rat, or the season of the year.

So, apparently the seasonal issue was one for
rats, as well. Subcutaneous could be, you could use either
subcut aneous or an intranasal challenge. They did point
out, WIlians and Cavanaugh, that intranasal was not as
reliable as aerosol, that it led in the rat nodel to involve
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larynx and the tonsils, but they believed it to be
a nore stringent test of vaccines than subcutaneous
chal | enge.

It has been very rare to find docunentation of
di rect conpari sons between animals using the sanme strain,

t he sane exposure conditions, et cetera, but this is one of
them This is Meyer, Quan, and Larson 1947 | ooki ng at

i ntranasal ly i nduced pneunoni c plague in mce, guinea pigs,
and cotton rats.

They did find that they got primary pneunonia in
all three nodels. The mice and the rats had a progressive
di sease that eventually led to death between 72 and 96
hours. CQuinea pigs, however, were not visibly ill until
t hey suddenly dropped dead between 72 and 96 hours, which
al so doesn't mmc the human conditi on.

The infection in the guinea pigs in this case was
confined to the respiratory tract, whereas, it was nore

di ssem nated in the rat and m ce.
A nodel that has not been excessively



expl ored, but which is interesting, are two species
of the multimmmuate nouse. One of themis
i nherently nore sensitive to Yersinia pestis than
the other, M coucha being nore sensitive. There
were | aboratory col oni es established of these nodels
at one tine.

It was put forth that perhaps this species
m ght nore closely mmc the susceptibility of the
nonhuman primate to attenuated |ive vaccine strains
than did the nouse or the guinea pig. This was
based on one very small study | ooking at the strain
where the guinea pig was not effective, and these
nonkeys were dyi ng.

This nodel also reacted, it was very
sensitive to this strain in the same way as a
nonhuman primte, so they presented this as an

alternative to the guinea pig in that it |ooked

nore |i ke a nonhuman prinmate nodel in terns of attenuated

strains.

It is thought or at |east proposed that the
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di fference between these two species of nultimmmate nouse

is that the nore resistant
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species react to antigens of Yersinia pestis
nonspecifically, so there nay be an innate
resi stance there that protects the aninmal.

There have been Vol e nodel s used, al so
bred in the | aboratory, and there has been a snal
anount of genetic work on this | ooking at the
nature of resistance and there may be an
associ ation although it has not been definitively
shown between phagocytic activity and resistance at
chal | enge.

One thing that we haven't really
di scussed, but that should be kept in m nd when
choosing an animal nodel is that there is sonme host
specificity of Yersinia pestis. As | have al ready
mentioned several tines, Fl-negative strains are
virulent in mce and in nonhurman prinmates, but

significantly attenuated in the guinea pig.

Certain auxotrophs are also nore attenuated in the
gui nea pig than in the nouse. These include aro nutants,
purine auxotrophs, and asparagi ne auxotrophs, and the
aspar agi ne connecti on has been explored and this is actually
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quite interesting. Lynn Boroughs did this.

Gui nea pigs have an asparaginase in their
sera, which degrades asparagine. So, in that
ani mal nodel, there is no asparagi ne avail able for
t he asparagi ne auxotrophs, and the organismis
unable to grow, and thus is attenuated. M ce do not
have asparagi nase. So, that is a very el egant
study done | believe in 1971 with sone maj or
Brazilian strains of Yersinia pestis that were
aspar agi ne-negati ve.

There are sone isolates also fromthe
former Soviet Union, which are virulent for a
nunber of nodels, but not for guinea pigs, and the
reason for this has never really been expl ai ned.
It is ny understanding that these strains are not asparagi ne

auxotrophs, so there has to be another expl anati on.

So, in conclusion, the nouse is the best
est abli shed and accepted nodel in ny opinion. The guinea
pi g has numerous drawbacks, some of which |I have nentioned
and sonme which have been described by other people.
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There were other interesting nodels, but
t hey haven't been as well devel oped, and they need
further exploring.
Goi ng back to Oten, it doesn't ook |ike
we have really gotten very far since 1936. "It
appeared that the nature of the experinental aninmal was by

far nore essential to the results than the nature of the

vacci ne use." Sone wi se words from people in the past.
So, | will take any questions.
[ Appl ause. ]

DR, LYONS: Questions?

DR. . Pat, | just wanted to commrent that
there several different |abs have recent experience with
intranasal installation, and | know Ri ck Lyons has done
some, we have been doing it, | think Sue Stral ey has done

some--not yet? Ckay. And Virginia Mller.

At |least three different pestis strains have been
used, several different strains of inbred mce, | don't know
t hat anyone has used outbred. They are all finding that, you
know, we get LD50s
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on the order of 3- to 500 bugs.

DR. WORSHAM That woul d be the genera
dose?

DR. . That is the delivered
dose.

DR. WORSHAM That is the dose that you
deliver into the nares.

DR. . Delivering 50 microliters
generally, I think. Generally, all of the | obes of
the lungs are involved, the mce are bacterenmic within 24
hours, and it seenms |like a pretty good nodel for pneunonic
infection. | don't want people to go away with the
i npression that you can't get sonething that |ooks |ike
pneunoni ¢ pl ague by doi ng intranasal .

DR. WORSHAM  You can get sonething that |ooks
| i ke pneunonic plague, but | have not seen the pathol ogy
that really describes the resulting di sease processes and
whether it is confined to primary pneunonic, or whether you

al so get cervical involvenent. Have you seen that?
DR. . We haven't | ooked



218
carefully at the pathology with respect to
cervical. | don't knowif Rick has or not.

DR LYONS: | think it is a lot like
anything. The technique is critical to that, and
we don't see it, but that doesn't mean, you know,
giving sonething intranasally is not necessarily
that easy, | nean to do it right. | think again,
it is just learning the correct procedure and doi ng
it right.

But | wanted to ask, | guess | ama
little surprised even with inhalation that
sonetimes you don't see cervical, because clearly,
nost of those bugs are going either in the gut or
up in the turbinates or soneplace. | nean it is
not a lung only, you know, there is a |ot of bugs
ar ound.

So, has that been carefully | ooked at for
i nhal ation, too, that there is no cervical nodes or

anything, or is that just kind of assuned?

DR. WORSHAM | think that has been | ooked at in
sone experinments. Many of these, a lot of this work is very
old. It probably was not well quantitated, and | think it

IS probably a matter of
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quantity. You see obvious cervical involvenent or
the ani mal dies, because if the primry pneunonic is strong
enough, you may not have tinme to grow out cervical nodes.

DR. LYONS: Right, and | guess | would wonder if--
and this is ny own--if the cervical was the dom nant node, |
woul d expect the kinetics to be a little different tinme to
death. | mean pretty clearly, at l|least for subqg versus
i ntranasal or inhalation, the kinetics, the time to death is
dramatically different, but | don't know about that. [If you
tried to infect the cervical node, what the kinetics would
be. Do you have any cl ue?

DR, WORSHAM | think that parall el
experiments would be very nice. | think that that woul d be
a nice study to do where you have control aninmal sets,
strain sets, gross nethods to the organism and actually
| ook at that kind of thing, | think that would be very
interesting, but intuitively, it seens |ike there m ght be
sonme differences between installing a rather large volune in
the nares versus a small particle
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aerosol, whether that is relevant, to a |large
degree, | ooking at vaccine efficacy, is another question
al t oget her.

DR. : | amcurious. Wy do you think
that the LD50 is so nmuch higher for the aerosol? You are
reporting about 4,000? It is about nore a magnitude higher
than what we see with intranasal.

DR, WORSHAM | think that there are a | ot of
vari abl es here that nmake it very difficult to answer that
question. Is it the strain involved?

Is it the method of growing the strain? Are sone
of the organi sns danaged by the aerosol ?

It could be the nouse strain is different. Like I
said, it would be really nice to do sonme studies in paralle
where we are looking to try to control some of these
vari abl es, because historically, that makes it very hard to
| ook at this work.

DR. LYONS: |Is that calcul ated dose, or is that

actual ly--are the |lungs renoved?
DR. WORSHAM  Those are cal cul ated dose.
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DR. LYONS: That could explain the whole
thing, it probably is.

DR. | would just reiterate
that for people that are doing these studies, they
ought to do careful histopathology of the upper respiratory
tract. It jogged ny nenory, and maybe sonebody el se here
can renenber from USAMRI I D, but ny recollection was that
Kelly Davis had found, in the nalt antigen, very early--this
is after aerosol chall enge--

DR. WORSHAM M ce?

DR. : My recollection was in
mce, but | could be wong. It was a long tinme ago.

DR, WORSHAM  You didn't publish it.

DR. > | know that, but it is
somet hing that people will ought to look at in the different
nodel s, because ny recollection was that it occurred very
early, which was a surprise to us.

DR. | would just put out a
cautionary note. \When you use |arge volunes intranasally,
we have actually neasured this, and
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we use 50 microliters, 90 to 95 percent of it ends
up in the stomach, so you nay be | ooking at part of
t he pat hogenesis may be G rather than a
respiratory, so if you stay below 15 microliters,
you tend to keep it out of the stomach, so it is
sonmething to think about as you do experinents.

DR WORSHAM And that is rel evant because
it was shown many years ago, | think, that you can
infect animals orally with Yersinia pestis.

DR LYONS: Thanks, Pat.

The final speaker for this is going to be Louise
Pitt from USAMRIID tal king on nonhurman primates as a nodel
for pneunonic plague.

Nonhuman Primates as a Mddel for Pneunonic
Pl ague
Dr. Louise Pitt
DR PITT: Good afternoon.
Now for the very interesting and

conplicated topi c on nonhuman prinmates and whi ch nodel to

use for pneunonic pl ague.
In order to understand and appreciate the nodels
that are used today, | think it is very



i nportant that we go back to the begi nning because
the work that was done right at the begi nning has
i nfluenced all our decisionnmaking to date.

It started off in the 19th century in
I ndochi na where initially it was di scovered by sone
Russi an workers. They inocul ated sonme nonhuman
primates with the organismthat is for this plague,
t hree speci es of nonkeys, and found that they were
very suscepti bl e.

It was only in 1933, though, when Tayl or
went back and identified these three species that
were used - the three macaques, Macaca sinica,
radi ata, and Semopithecus or the Presbytis

entellus, which is also known as the Langur.
In 1898, then Yersin had what he called an

"attenuated" strain. It actually killed rodents, but was

termed attenuated. He, being a classical scientist,

what they did in those days, he took sone nacaques and
hi nsel f, and he inocul ated both. Both hinself and the
macaques got fairly ill, but survived, and his concl usion
was that the susceptibility of the macaque was simlar to

man.
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In 1899, sone CGernan scientists then put
Yersinia pestis into the Langur and conpared it to
the Macaca radi ata, saying that they were simlar
in susceptibility.

Agai n, in 1904, a nonpathogenic strain for
gui nea pigs was found to be virulent, in this case,
i n Cercopithecus aethiops, which is the Givet,
which is also the African Green nonkey or the
Verbit, very sinmlar.

1907 was the first time when a cynonol gus
macaque, the philippensis cynonol gus nacague was
used, and it was determ ned that the susceptibility
of the cynonol gus macaque | ay somewhere between the
Langur and the Macaca radi at a.

Again in 1912, the cynonol gus nacaque was
used and shown to be nuch nore susceptibl e than
gui nea pi g.

Now, in order to put all this historical
susceptibilities into perspective, we need to

remenber that all of these relative

susceptibilities of these nonhuman primates was based on

i nocul ati on of the skin.
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They all concluded that the macaque showed
i ndi vidual variations. This, of course, is very
)l d studi es, unknown where the macaque cane from Sone were
caught fromthe wild, the majority were actually caught fromthe
vMld, Studies were done under fairly primtive conditions.
There was | ack of technique standardi zation, cultures varied,
rery little information as to strain information. So, all this
Jata needs to be taken in that perspective.

However, there was al ways one concl usi on that was
igreed upon across all the literature, that regardl ess of
susceptibility, once the aninals becane ill, the di sease was very
sim lar across the different nonhuman primates and was al so
sim lar to what was seen in hunmans.

This is just a summary of the table from Meyer in 1954,
vhere he showed a single--this is 195/P, a virulent strain of
fersinia pestis. As you can see, nany experinents with Macaca

rul atta, al so subqg route, but you get survivors from2 | ogs
o0 9 logs, and in cynonol gus nacaque, 10

6 and
L07
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gi ven subqg, you still get survivors.
The concl usion was al ways that the macaque
was susceptible to plague Yersinia pestis, but that
there was individual variability, considerable
i ndi vidual variability. A group of animals brought in
froma single site could have an incredibly different
susceptibility to Y. pestis.

Now, noving on to pneunonic pl ague, the
initial study by Ehrenkrantz and Mayer in 1955 | ooked
at Macaca mul atta, the Rhesus macaque. This was
actually intratracheal, not an aerosol exposure, and
cane to the conclusion that about 100 CFU of this 195/P
strain killed nore than 50 percent of the animals. So,
quite a difference fromthe skin inoculation route.

Speck and Wl ochow, in 1957, did sone aerosol
work. This was snmall particle aerosol using the Macaca
nmul atta agai n, the Rhesus nacaque,

and concl uded that their LD50 was around 2 x 10
4 of
the 139L, a virulent Y. pestis strain.

On | ooking at this again several tines, it
appeared that there was a vaccine study going on at
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the sane tine and any animal that died was actually
included in this LD50 estimation, including animls that had
been partially inmunized with a vaccine, so any ani mal on
this trial was included in the LD50 study, and this could
very well be why the LD50 is so high in these studies.

Moving on now to the early 1990s, at USAMRI I D,
when we set about devel opi ng the nonhuman prinmate nodel for
pneunoni ¢ pl ague, we did extensive literature research, had
extensi ve di scussions, and the species that was chosen was
t he Cercopithecus aethiops, which is known as Chl orocebus
aethiops or the African Green nonkey, and as | said, this
was based on a very extensive literature review, because
t hroughout the literature, this nodel was the one that was
consistently consistent. That was the nessage across al
the studies, that it was a very, very reliable consistent

nodel .

We realized based on susceptibility that it was
suscepti bl e, probably nore susceptible than the macaque, but
we chose it because we were
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| ooking for a stringent nodel, and then based on
our literature survey and then the work that | am
going to show you now, the course of disease in
this aninmal nodel is very simlar to vaccine in
humans, and death is due to prinmary pneunoni a.

This is the analysis of the LD50 curves
for the African G een nonkeys, the strain of Y.
pestis that was used in Colorado 92. This is the
standard strain that we have used at USAMRI I D for
all our challenges, whether they be for vaccine
ef ficacy or therapeutic.

We have al so used the Fl-negative isogenic strain
of Col orado 92, which is called Cl12, and the LD50 is around
343 CFU, and that is an inhal ed or presented dose, so this
is a very susceptible organi sm

The LD99 based on this curve is around 50 LD50. W
did do an LD50 study with the Fl-negative strain and got an
LD50 of 800 CFU, very sinmlar.

Based on a study that was done not too
|l ong ago, this is the clinical pathway after an ani mal has
been exposed. This is a natural history
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study that was done in conjunction with a
t herapeutic study, but it shows the nodel very nicely.

The animals are exposed at tine zero. They have
telenetry devices in them so we nonitor their tenperature
all the tinme, and you can see they are perfectly normal 24,
48 hours. Around 72 hours, the tenperature increases, they
have a fever until they succunb and die. Usually, we
eut hani ze the ani nal s whenever possible when they becone
nor i bund.

This is an exanple of an animal that received 57
LD50. This tenperature curve is very consistent, this node
is very consistent. At the tine when they are getting a
fever, there are no clinical signs, but within 12 to 18
hours, they do start to show clinical signs. At the tine
that they show clinical signs, they are bacterenic, and then
death occurs fairly rapidly after that.

This is the heart rate curve showing a very

simlar pattern to the fever curve.
This is show ng you the respiratory rate
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that is fairly steady until you get towards the
| ast 12 hours or so prior to death where you get a
nmassi ve increase in the respiratory rate.

This is the pattern of the white bl ood
cells showi ng around 72 hours you get that
i nversion of the | ynphocytes, granul ocytes with the
nonocytes staying fairly constant.

These are radi ographs of the same ani nal
This was taken pre-exposure. This radiograph was
taken at 83 hours, at a tine when the animals were
showi ng clinical signs. You can see there is sone
infiltrates in the lung at this time, and at this
time, the animal is bacterenmc

The | ast radi ograph was taken when the
ani mal was euthanized at 111.5 hours post-exposure.

This is just another view of those
radi ographs, before, during. The very rapid tine

course of this disease.

More recently, after many di scussions with coll aborators,
cetera, we went ahead and we devel oped the cynonpol gus nacaque as a
conpari son nodel. W did an LD50 based on the staircase

et
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met hod, ranging in the 10

4 to 102 CFU range, and the

LD50 cane out to 400 CFU Col orado 92.

It turns out that the cynonol gus macaques
are just as susceptible as the African G een nonkey
based on the data and the consistency of the
experimental conditions. They die within the sane tine
range, 4 to 5 days.

The onset of fever in animals receiving a
| et hal dose is simlar, around 72 hours post-chall enge, and
the animals are normally noribund
wi thin 48 hours post-chall enge.

Looking at the clinical signs between both African
Green nonkey and the cynonol gus macaque, no real difference
what soever. Fever is the initial synptom There is an
i ncreased respiratory rate. These aninmals then breathe
extrenmely rapidly with | abored breathing and ral es.

They are usual |y euthani zed when they are
nori bund, and at the tinme of euthanasia, pink froth just

pours out of their nouth and nose.
This is just sone of the conparative pathol ogy
that is being collected to date. W
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don't have as many namcaques as we do African G eens
at this point.
This table just conpares the control
African Greens to vacci nates that have died, and
smal | er nunbers of untreated macaques, and we have, in this
table, only two vacci nated nacaques that have died.

In the African Green, the synptons are very
simlar in the vaccinate versus untreated, and the untreated
African Green and the untreated nmacaques have very simlar
pat hol ogy.

Now for sonme pathology. | amnot a pathol ogi st,
but | have to show you sone pat hol ogy.

This top one is the normal lung. This is
a vacci nate, exposed lung froman animal that is a vaccinate
that died, and this is the control lung. This is actually
froma cynonol gus macaque. |If the slide was froman African

Green nonkey, it would | ook exactly the sane.

Here, you can see there are neutrophilic
infiltrates in the lung. This is pathology of the spleen,
the red is spleen. The blue in here is
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bacteria, and again you can see that there are
neutrophilic infiltrates.

Here, there is liver, and this is a fibrin
thrombi that is covered with bacteri a.
So, in conparing the African G een nonkey
and the cynonol gus nmacaque to date, based on
clinical signs, the disease progression, and the
pat hol ogy, as well as susceptibility in terms of an
LD50, they are very simlar, very simlar in
susceptibility, pathology, and di sease progression,
and both are very simlar to what is known about
t he human di sease.
So, now noving on to vaccine efficacy,
first of all, in the African G een nonkey, the
initial study that was done at USAMRI I D back in the
early 1990s was | ooking at the plague USP, the
i censed vaccine. You will notice the Cutter
vacci ne.
W had 12 vaccinates and 6 controls. They were
given the |icensed schedule, at day zero, 28, and 91, and

then the animals were chall enged about
7 weeks | ater. The challenge dose was around 118
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LD50, and there were no survivors, and there was no
di fference between nean time STAT.

At that tinme, we neasured anti body
responses to F1, and | did not bring the data, but
at time of challenge, the F1, anti-F1 titers were very | ow
Wth this vaccine, the IgGtiter would go up after every
boost, but then cone down fairly rapidly.

Now, noving on to the nore nodern tines, efficacy
of the candi date reconbi nant F1-V fusion protein vaccine
t hat was devel oped at USAMRI I D. The study design, and this
is a conpetent study design because | am going to show you
several studies.

Basically, the vaccination route was al ways
i ntramuscul ar. The F1-V fusion protein was
al ways combined with al hydrogel. There were either 2 or 3
doses given. The chall enge was al ways 6 weeks after the
| ast dose, and, of course, the chall enge was al ways the

smal| particle aerosol,
and we used either the Colorado 92 or the Fl-negative
strain.
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Some results. The first study, the
animal s received 2 doses of 30 micrograns of the
F1-V at zero and 28. The challenge strain in this
study was V12 with an average of 55 LD50 as the
chal | enge dose, and 2 out of 4 survived, whereas,
the one control succunbed to pneunonic pl ague.
In the next study, the next group of
animal s received 2 doses of the 30 at zero and 28,
and then at 3 nonths, received a 300 m crogram dose
of F1-Vto see if we could boost the survival.
They were again challenged with the V12 strain with
a higher average LD50 of 259, and 3 out of 4
ani mal s survived while the control succunbed.
In the next study, aninals received 150 m crograns
of F1-V 3 tines, at zero, 28, and 56. The chal l enge dose in
this study was nuch hi gher, at around 600 LD50, and 4 out of

10 survived while the control died.

The next study, again F1-V, 150 m crograns, 3
doses, the sane schedule. This tinme they were chall enged
with Colorado 92 with the average dose of 166 LD50, with 2
out of 10
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survi vi ng.
The final study, again, the exact sane
study design, 150 3 tines. Challenged with
Col orado 92 with a |l ower challenge, but zero out of 10
survived in that trial

This is the i mmune response data fromthe | ast
study that was shown, showi ng that the aninmals got antibody
to F1, a fairly consistent response. Al the aninals
responded to F1 and had 1gG  The antibodies to Vin the
African Green, it is a very varied response, and this is
pretty nuch typical of all studies that have been done, that
the response to V antigen in the African Green is a very
i ndi vi dual and varied response.

Movi ng on to vaccine efficacy nowin the
cynonol gus macaque. First of all, the reconbinant F1-V
fusion, the USAMRI I D candi date. The study design,
basically, very nmuch the sane as the African G een nonkey
study with 3 doses given intranuscul arly, chall enged 6 weeks

after the | ast dose.
This is the i mune response data for both
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F1 and V, and in the cynonol gus nacaque, the V
response i s nuch nore consistent.

Results. Three trials to date. The
first, 150 mcrograns given 3 tinmes, zero, 28, and 56 days,
just like with the African Green. The challenge strain
Col orado 92. The average challenge 72 LD50 with 80 percent
survival, 8 out of 10.

The second study. Again, exactly the same study
design. In this, a very |low LD50 chall enge was given. All
the animals survived and both control s died.

Again, the third trial with 160 LD50 aver age,
chal | enged, 8 out of 10 survived.

Now nmovi ng on to the other reconbinant F1 and
reconbi nant V protein vaccine. This is the vaccine
devel oped at DSTL in the UK, and this was a col |l aborative
study between the DSTL and USAMRIID with funding fromthe

Joi nt Vacci ne Acqui sition Program here at DoD.
The study design, the vaccine antigens are the
reconbi nant F1 and the reconbinant V protein
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that are conbined with 20 percent volune to vol une
al hydrogel. The vaccination route is
i ntramuscular. Two doses were given, and as standard with
all the vaccine trials, the challenge was 6 weeks after the
| ast dose.

This is the i mmune response data for both the F1
and the V antigen, again showi ng the consistency of the
response of the cynonol gus nmacaques, both F1 and V.

That first one was for the 40 microgram | forgot
to mention there were 2 doses of this vaccine given. The
one group got 40 mcrogranms of F1 and 40 microgranms of V,
and in the second group, it was 80 microgranms of F1 and 80
m crogranms of V, and this is the inmune response to the

second group that got 80 plus 80.

The results. The group that got 40 plus 40, the
schedul e was zero and 21 days, the 2-dose schedule. The
average challenge for this study was 126 LD50. W did |ose
one animal prior to challenge to an unrel ated event, and 8
out of 9 animals survived with the 40 plus 40 dose.
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In the 80 mcrogram plus 80 m crogram 10
out of 10 survived, and the 2 controls died.

So, to summarize to date, it appears based
on the disease process and the clinical signs and
what is known of the human di sease, both African G een
nonkey and t he cynonol gus nmacaques are appropriate nodel s
for pneunoni c plague, and reconbi nant F1 and V-based
vacci nes do provide protection against the |ethal aerosol
chall enge, and as | said previously when we started, we
chose the African Green because we felt that they would be a
nore stringent nodel, and | think the results to date have
proven that they really are a very stringent nodel in terns
of vaccine efficacy and a very hi gh bar.

Time will tell which is the nost

appropri ate nodel .

Thank you.

[ Appl ause. ]

DR. LYONS: W have tine for questions.

Loui se, | just have one quick question. |
don't know if you have any information, but is the
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poor imune response, do you know if that is just
to V antigen, or is that characteristic of green
nonkeys for any antigen that you are aware of ?
DR. PITT: The F1 was characteristic. It
is pretty much the sane. W are in the process of
| ooki ng at other antigens in African Greens to see
what that |ooks like, but in terns of this, in al
the literature, there isn't anything to point the
way, no.

DR. . This mght be a very naive
guestion. Gven the wide variation of LD50, you
see different study, even within sonetimes the sane group,
and different challenge and strain. From previous, other
present ati ons, people use index.

Is that possible to use sonmething like that as a
nore quantitative or also included variable how |l ong the

animal will die instead of just LD507?

DR PITT: In our hands, the LD50 is very | ow and
very consistent both for the African Geen and the
cynonol gus, and that is with an aerosol nodel of pneunonic
pl ague.
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| think the variation in the species and
susceptibility cones when you | ook at the skin
i nocul ation, and I think you mght see, if you do
buboni ¢ studies, that there m ght be quite
different susceptibilities between these two
species in ternms of an LD50.

DR BURNS: Drusilla Burns, CBER

Loui se, in your vaccination studies, your
African Green nonkeys weren't protected very well
with the fusion protein. Do you think that was
sinply because of the very varied response that
they had to the V antigen? D d aninmals that died
have very | ow response to V, or was there no
correl ation?

DR PITT: In ternms of the small nunber of animals
that we got to date, and the ELI SA data, there doesn't
appear to be any correlation other than sone aninals
appeared to respond to V as if they have seen V before, and
ot hers appear to be nore naive to V, and | think there needs

to be a
|l ot nmore work done on that subject to understand exactly
what is going on.
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| didn't have tinme to put up a | ot of
detail on different experinents, but if you | ook at
the studies of the animals that survived in the
African G een versus those that died, there is a
trend towards the | ower chall enge dose, the nore
survive. So, that would lead us to that this is a
much hi gher bar to reach in ternms of the nodel

DR. BURNS: Do you have any idea where
humans are on this scal e?

DR PITT: | would not like to coment.

DR. . Have you established any
sort of a target LD50 in selecting the LD50s that
you use in the sense that what sort of |evel of
exposure m ght be expected during a bioterrorism
attack, for exanple, what |evel of protection do

you need?

DR PITT: That's a good question. There could be
many answers, because it woul d depend on the scenario in
whi ch you woul d be exposed. G ven that the LD50 is so | ow
I n nonhuman prinmates, and assuming that it is also lowin
humans, you woul dn't have to be exposed to very much for it
to
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be a | ethal dose.

M5. SCOTT: Leah Scott, DSTL.

I was just wondering whether sonme of the
variability issues that you saw with the African
Greens m ght be explained in part by some of their sourcing
i ssues and their rather different natural history that they
woul d have been exposed to perhaps in early life.

Perhaps as a followon to that, would you see that
as a potential problem area when one considers a requirenent
to do key studies to GLP in view of |ike breeding prograns?

DR, PITT: Well, the African G een nonkeys,
actually, | think why such a consistent nodel is because al
the animals we have ever received have conme fromthe Island
of St. Kitt, which is basically a closed col ony, has been
for over 300 years, so the source of the aninmals has

actually been exactly the sane.

M5. SCOTT: But they would have been exposed to a
much wi der range of natural stinuli presumably than nost
captive bred ani mal s.
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DR PITT: Possibly.
M5. SCOIT: As | was saying to you earlier
on, we are proposing to conplicate the issue yet
further by proposing, as we are trying to do in the
UK, to |l ook at the common narnoset as a potenti al
nodel in these areas, and we have al ready
characterized the species, so it would be very
interesting to put all of these results together and
conpare.
DR PITT: It certainly would, but | would
al so add that cynonol gus nacaques are not captive
bred. They are al so brought in from outside
sources, so they have al so been exposed to external
stinmuli.
DR MEYSI CK: Karen Meysick FDA
| was wondering if you would conment on
the di fferences between cynos and the African
Greens in ternms of just their background. M understanding
was that African Greens, | think are nore susceptible or

resistant actually to SIV.
DR. PITT: R ght, they don't die fromSlV,
correct. They can be infected, but they don't
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actual ly devel op the disease.
DR MEYSICK: As | related to, it is
something to do with CD4s, | think, CD4 cells.
DR. PITT: Right. The TBratio in African
Greens is reversed conpared to macaque, but on that
subject, | think that is a very inportant
di scussi on poi nt when you are tal king about ani nal nodel s,
how do we actually know about the aninmals thensel ves, |et
al one adding in organisns to make t hem si ck.
DR. .| should know this, but
were the serol ogi es done by the same assay or the sane group
between the F1-V fusion and the F1 plus V?
DR. PITT: No, they were not.

DR. : It would be useful to do

t hat .
DR, PITT: | think it would be a great exercise.
DR. . Because clearly,

differences in the level of antibody, and that would be
inmportant to see if there are functiona



di f f erences.
The other point is in all of these
studi es, that sonmebody needs to consider what, if
anyt hing, is F1 doing.
DR PITT: Yes.
DR, FERRIERI: Pat Ferrieri, University of
M nnesot a.
| have seen LD50s in the literature cited
as 3,000 for humans. Do you have any notion where
t hat woul d have been derived from any data that you have
seen anywhere?
DR PITT: No, | think that is based on
assunpti ons of what people know fromthe Manchuri an
out break, frominformation that has been received from
di fferent docunments, but | have no idea where that nunber
comes from

DR, FERRIERI: Another quick question. | also
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have been concerned about the genetic |lineages of these two

types of nonhuman primtes, and do you have nultiple sour
fromwhich you obtain your aninmals, breeding facilities a

different or not?
DR PITT: As | said, the African G een

ces

re
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nonkey, we have been very consistent with the
source of the African G een nonkey. The cynonol gus nmacaque
has been a little different because they have been cone in
fromthe Seychelles, they have come in fromthe Phili ppines.
They have come in probably from China, too, and India, I
believe. So, there could certainly be differences in the
cynonol gus nacaque that we are not aware of, but the African
Green source has been consistent since we started working on
t hem

DR. LYONS: |Is the V antigen in the fusion, is
that functional? Like if you put the fusion protein on
cells, do you get the IL-10 response and that sort of thing,
do you know?

DR. PITT: That is not ny area of

expertise. | believe it is functional.

DR. LYONS: | amjust curious because it | ooked
i ke on your slide, that the 30, you know, and this was
small ani mals and everything, that the 30 tended to work
better than the 150 dose, at |east for CL12, and the
question would be could you go up high enough with proteins,
so that you now
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you do bring out this |ocal inmunosuppressant
phenot ype, and actually by giving too nmuch protein,
you decrease your imrune response.
| find that hard to believe.
DR PITT: W have had those discussions.
[ Recess. |
Session 4. New Data on Aspects of Plague
Vacci ne Devel oprent
Dr. Luther Lindler, Mderator
DR MEYSICK: | think we will start the |ast
session for today, which is new data on aspects of plague
vacci ne devel opnent, and the noderator for this session is
Dr. Luther Lindler fromthe Departnment of Honel and Security.
DR LINDLER  Thanks. This session is on new data
on aspects of plague vacci ne devel opnent, and the first
speaker is going to be Sue Stral ey speaking to us about how
does anti body agai nst LcrV protect agai nst plague.
How Does Anti body Agai nst LcrV Protect Against

Pl ague?
Dr. Susan Stral ey
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DR STRALEY: W are trying to
di scrim nate anong the various ways that anti-V could
possi bly protect against plague, and | would like to tel
you about one of our stories.

Qur nodel is Yersinia pestis KIMdelta pgm which
is essentially fully virulent froman intravenous route, so
our inspection is going to be intravenous, and it w Il nodel
systenm c plague. W have a very potent rabbit polyclonal
anti body antiserum against LcrV that we give to the mce in
one dose the day before we infect, and we give a high dose
of bacteria to allow us to follow the dynanm cs of early
protection by viable nunbers.

So, in our control mce, which are C57 Bl ack 6
mce, we | ook at the gold and the blue synbols, if the mce
are given the anti-V shots and they control bacteri al
nunbers, these mce will live. |If they were given instead a
nonprotective anti-Yop and anti body, then, they experience a

runaway i nfection and will die starting around day 4.
So, the first question we wanted to ask
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was can you get protection in the absence of Vs
effect on IL-107

We can address this in two ways. On the
|l eft we use |IL-10 knockout mce, and these are
hi ghly pol arized toward Thl responses and are actually
remar kably resistant to plague lethality, but nonethel ess,
you can give a high enough dose and kill them so we tested,
and the answer was yes, we got exactly the sane dynanics,
these nmice are protectable by the antibody, and we did it a
different way over here.

| am showi ng just one tine point where we abl ated
IL-10 with a neutralizing anti body against it, and the

controls with anti-YopMreceived neutralizing anti-I1L-4.

So, the answer is yes, you can protect using anti-
V in the absence of effects relating to IL-10 production
fromV, and so the issue was then, what is it. One thing
that we followed then is the effect on Yops delivery, and we
have confirnmed in a nunber of assays the findings of the
Wl kos group and others that anti-V does partially prevent
t he
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delivery of Yops to adjacent cells.

In this context, it is useful to | ook at
this particul ar assay, which is a phagocytosis
assay using a double fluorescence nethod. So, if the
infection is done in the presence of the nonprotective
anti body, the anti-YopM then, nost of the bacteria are
extracellular and stain red, and if it is done in the
presence of the protective anti-V antibody, then, nost of
the bacteria are intracellul ar.

So, that raised a question, does the bacteri al
| ocation affect the expression and delivery of Yop?

There was an experinment that Rol and Rosqvi st and
Hans Noskos did back in 1990 with ED76 in HeLa cells that
indicated that the only bacteria produci ng Yops were the
extracel | ul ar ones, and we wanted to know is this the case

for Yersinia pestis KIMand J774 cel |s.

So, here is the design. W are going to nmake a
delivery of YopH into the cytocellular fraction of J774
cells after four hours of



infection. W have set it up this way. W have a
whol e bunch of cultures. Some of themare infected
in the presence of the anti-V antibody, sonme with
anti - YopM some with no anti body, and this goes for
30 mnutes to all ow phagocytosis to take pl ace.

There will also be an initial burst of
Yops delivery during this time, and then triplicate
cultures are divided as follows. So, one gets a
dose of gentami cin which is sufficient to inhibit
protein synthesis by extracelluar Yersiniae, so
that now the only further Yops that are going to be
delivered would be by intracellular bacteria.

One gets a mxture of antibiotics that
will kill all Yersiniae inside and outside in 15
m nutes, so they will be essentially no further
Yops delivery, and one gets no addition. So, here,
we are going to get Yops from both extracell ul ar
and intracellular, and this goes for an hour. That
is washed away, and the antibody treatnment is

restored, and then the incubation is finished.
So, here is what we got. The no anti body,
YopM anti-V, and the three drug treatnents
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anti -



253
for each, this is noninfected. | would Iike you to
focus on the conparison of gentamcin and mx in
each case.

The m x kills everything. You get no
further Yops. Gentanicin, you get delivery from
intracel lular bacteria. They are pretty nuch the
same. There is no delivery fromthese
i ntracel lular Yersiniae, and what is happening here
i s what happened during that first half an hour.

If there was no drug treatnent, then, you got tons
of Yops still delivered, presumably by the extracell ul ar
bacteria in these control treatnments. Wth anti-V, when the
bacteria are nostly intracellular, you obviously get |ess
Yops delivered.

So, that raises the question: |[|s antibody
i nhibiting Yops delivery and causi ng phagocytosis, or is
anti body causi ng phagocytosis and
subsequently inhibiting Yops delivery?

So, to test that, we asked can anti body be

effective in preventing delivery of Yops to cells that
cannot phagocyt ose.
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So, we did these infections in the
presence of various concentrations of cytochal asin
D, and when there was no cytochal asin D, then, yes,
you do get sone inhibition of Yops delivery by anti-
V anti body conpared to the controls, but as we
i ncrease the cytochal asin D, we got progressively
| ess and | ess effect of the antibody.
So, antibody is not effective agai nst
bacteria, against cells that cannot phagocytose, and
that | eads to the question of what is it about
anti body, is the ST portion of the anti body
i mportant for its efficacy, and the answer is yes.
This is actually in full agreenent with an
experi nment published by the Wl kos group. So, with
no anti body, nost of the bacteria are
extracellular. Wth full length V antibody, you get
pronoti on of phagocytosis, but if you nake FABs, it doesn't

work very well.

So, this is what we think is happening, that
anti body is actually pronoting phagocytosis and
consequently, you get inhibition of Yops delivery rather
than the other way around.
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So, if phagocytosis is so inportant, and
we think it is inmportant to protection, then, what
are the cells that are inportant or nediating this.
So, we evaluated the relative contributions of
macr ophages and PMNs.

To do macrophages, we took advantage of a
recently avail abl e transgeni c nouse nodel that
allows you to conditionally ablate cells of the
macr ophage |ineage, and so we are seeing here then
our usual control mce of the nonabl ated that
receive anti -V or anti-YopM but the ablated mce
that receive the anti-V, it really made no
difference in spl een.

So, the macrophages are either redundant
or not necessary for protection in spleen. 1In
liver, we got a small effect, maybe about 10-fold
|l ess ability to contain bacterial nunbers, so

macr ophages do make a contribution in |iver.

We abl ated PMNs with an anti body agai nst ra-1, and
in that case, it made a huge difference in both organs. You
get total loss of ability to contain bacterial nunbers.
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So, | have shown you that, as we all know,
and | really believe, anti-V pronotes phagocytosis
and that this is actually crucial for its
protective effect; that Yops are not delivered by
phagocyt osed Yersinia pestis. Yops are crucial for growh
in organs. | didn't show you those data, but they are, and
that is what anti-V is doing. It is preventing growh and
t hereby you never get the bacterial nunbers to produce
enough V to even have a big effect.

| told you sonething about nediators of early
protection, that PMNs are really inmportant, and nacrophages
al so nmake a contribution.

This work was al nost entirely done by a postdoc
Sasha Philipovsky, sone help fromC arissa Cowan, an

advanced technician, and another technician, Mchael G ay.

| will be happy to answer any questions.
[ Appl ause. ]
DR. : Very nice, Sue. This is just a

comment. You think it goes to say that an earlier study by
Fri edl ander and col | eagues showed
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that the imuni zation of mce with another protein
which is thought to aid in the transl ocation
process, nanely, YopD, doesn't even nearly pronote the sane
protective efficacy as anti bodi es agai nst V.

That will corroborate the notion that what the V
anti bodi es may be doing is not blocking the injection of
YopD.

DR. STRALEY: W haven't eval uated what anti body
agai nst D does, YopD does. | really can't address that
relative efficacy.

DR. : What the data show is that the
anti bodi es agai nst D do not necessarily block the injection
of Yops fromextracellul ar bacteri a.

DR STRALEY: |If the bacteria remain
extracel lular, they deliver Yops, | think is the fair way to
say it, but somehow anti body against V is also pronoting
phagocytosis, and | think that that is what is causing the

downr egul ati on of Yops that we see.
DR. | amcurious if you are not far
enough to find out if acidification of the
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vesicle is necessary to prevent infection, because
it would seemthat infection could conceivably occur through
the vesicle itself.

DR STRALEY: W have not tested that. DR

Do you think that the

effect of anti-V is specific to the FC receptor in that it
is that mechani sm of phagocytosis that is critical, or do
you think if you could pronote rapid phagocytosis by any
mechani sm you woul d get the same response?

DR STRALEY: Well, let's see. | guess | can draw
on the published literature first, that the Wl kos group did
show, and Sue may have shown this slide, that you just use

an anti -Yersinia antibody, it can protect.

I am thinking of pronoting phagocytosis. | guess
she didn't show the phagocytosis data today. W don't
really know the answer to that at this point. We did test
whet her we could protect in FC-ganma 3 knockout m ce, and
you can, but nouse PMNs don't have FC-gamma 3, so | am not
sure it was a good test. W are actually doing that right
now
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to try to address that very question.

DR. : | guess | am wondering
also if it's possible that the antibody, if it's
binding to the tip of the type Ill secretion
system it could be essentially preventing the type
1l secretion systemfromcontacting the host cel
at the sanme tinme that it's pronoting uptakes.

Do your experinments address that
possi bility?

DR STRALEY: Well, | guess in the
experinment where the cells could not phagocytose,
we had | ots of antibody around, and we got tons of
Yops delivered, so the antibody is not preventing
delivery directly.

W have done one experinent also with FAB
primes in vivo to see if it would protect, and the
answer was no. W are repeating that now. | don't

know i f anybody el se has done that experinent.

DR. . One other question. Do you know
the protective epitopes of this antibody preparation you are
usi ng, have you nmapped what regions of D are recogni zed by
this anti body?
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DR. STRALEY: | imagine it's the whole
protein. Interestingly, FABs of this antibody wll
reduce the IL-10 effect, so | am suspecting that a
range of epitopes are represented.
DR. LINDLER: Leah Scott from DSTL is going
to speak about the marnobset as an i munol ogi cal node
for plague, just one added five-m nute talk.
The next speaker is Dr. Stephen Smley
fromthe Trudeau Institute to speak about cell-nedi ated
protection agai nst Yersinia infection.
Cel | -nmedi ated Protection Against Yersinia Infection
Dr. Stephen Sm | ey
DR. SM LEY: Thank you. | thank the organi zers
for inviting ne. | ama relative newconer to this field and
| am | ooking forward to speaking to you today.

So, basically, we are asking this
gquestion, can vaccine-prinmed CD4 T cells protect against
pneunoni ¢ plague, and I am not going to answer that question
today, but | amgoing to show you the tools that we are
devel opi ng that we think
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will let us address that question.

W have al ready heard today that Yersinia
can be intracellular bacteria and that it has been
established that interferon-gamma and TNF- al pha,
whi ch are products of cellular immunity, can protect agai nst
Yersinia infection, and it turns out that it is well
established that CD4 T cells are inportant players in both
cel lular and hurnoral imunity, but the actual functional
roles during Y. pestis vaccines, | don't think it has been
eval uated decisively. It has been shown that they can be

stinul ated but not shown that they can protect.

So, V protein has al ready been discussed today in
sonme detail, as has the fact that the vaccine that is under
devel opnent by USAMRI I D of the F1-V fusion protein fails to
fully protect primates. Wat | was told about that was that
in sone animals, there was a | ate breakt hrough of di sease,
and what that suggested to nme is one possibility is that
perhaps there are reservoirs of bacteria that antibodies
were unable to clear and
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t hat subsequently, it led to disease.

So, obviously, that is just a hypothesis
and so is this, which is that appropriately prined
CD4 T cells may be able to direct cellular inmnity
at those intracellular reservoirs, thereby
i mprovi ng pl ague vacci ne efficacy.

| just want to stress at the outset,

t hough, that our intention is, our belief is that
these cell-nediated protection will synergize with
the hunoral immnity. | am not suggesting that we
repl ace anti bodi es.

Qur approach to this is relatively sinple.
At the outset, we are going to define CD4 T cel
epitopes in V protein. That will give us tools, a
way to specifically prine CD4 T cells. Qur plan
was to assess the protective capacity of those
cells, as | said, to assess whether a cellular and
hunmoral immunity can synergize in conbating pl ague.

This is just a schematic of V protein, and

these are the peptides that we had synthesized in
96 well format that spanned V protein, and we then screened
t hese peptides in an ex vivo assay.
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To do that, we got the F1-V fusion protein
from Jeff Adanovicz, from USAMRI I D, and we
vaccinated E6 mce with that protein to get a strong Thl
type response. W then purified those CD4 cells from
those nmce after six days, and in vitro did a re-
stimul ati on assay | ooking at responses to these peptides.
VWhat we were able to clearly see as we scan
across this slide, there are 63 individual peptides that
were screened. In the top are the CD4 cells fromthe F1-V
primed mce, and in the
| oner panel are CD4 cells isolated from OVA-al bum n-pri med
mce as control, and you can see
that there were regions of V peptides, V1, V2, and
V3, where we saw strong responses.
On the far right you can see the controls,
the OVA responded to OVA only, and the F1-V in

culture only revoked a response fromF1-V prinmed cells.

W went on to further define these epitopes by
maki ng a second set of peptides in which we truncated at
either the am no or carboxy
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termnus by 2, 4, 6 am no acids, and then
rescreened in the sane type of assay, and that allowed us to
find map with specific epitopes.

Those are shown here on this slide, which
conpares the V proteins fromY. pestis, enterocolitica, and
pseudot ubercul osis. The peptides that we use is V1, V2, and
V3 for vaccination studies on bold, and the boxed are the
better defined epitopes by that second series of studies.

You can see that they are conpletely conserved
anong Y. pestis, enterocolitica, and pseudotubercul osis. |
suspect that it is just coincidence, but it is a useful
coi nci dence for people studying those infections, as well.

It is also useful to us, and | will show you that
in a second.

If these are true CD4 epitopes, then, one should
be able to vaccinate mce with these small peptides V1, V2,
and V3, and elicit responses to those peptides, and that is

what this slide shows.
Here, we have vaccinated either with a
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control negative peptide V neg, V1, V1, or V3,
again in CFA and then in this particul ar experinment, we
vacci nated on day zero. W then vaccinated with the sane
peptides in | FA at day 30, and this is |ooking at a recal
response in vitro. It's an Ellis spot response where you can
nmeasure t he nunber of interferon-ganma producing cells in
that culture.

You can see that the V1 evoked a response from V1
in culture, V2 fromV2, and V3 from V3, so these epitopes
prinme antigen specific CD4 T cell responses.

W then wanted to ask whether these could protect,
and in the enterocolitica systemit has been shown that
cellular inmunity by CD4 T cells can be protective, and al so
enterocolitica is an agent that we could work with easily at

that tine, so we went there.

Here, | amshow ng protection. There was
significant protection. There are the exact sanme animals
that | just showed, fromthe same cohort of animals that |
just showed you that Ellis spot
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data. You can see that the mce that were
vacci nated with V2 showed significant prolongation
of survival upon infection with 104 of
enterocolitica IP.

So, our plan, of course, is to go on and
test this with Y. pestis. W set up a
collaboration with David Perlin at PHRI who is
setting up the intranasal nodel, but before that
got underway, the pgm m nus strains were rel eased
fromthe select agent |list, and we were able to
test those ourselves, so we got one KIM D27 from
Robert Brubaker, and in the exact sanme type of
scenario | just showed you on the previous slide,
we were unable to see protecti on using that strain.

W have tried that several tines, and so
far that type of protocol has failed to protect
against IP KIMD27. | know IP is not the preferred
route that people are studying, and we are | ooking

at other routes at the present tine.

| just wanted to point out | think as sone people
have today, that these pgmm nus strains are attenuated, but
they are conditionally attenuated,
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so by the IP route, this is just an LD50 curve, and
you can see that the LD50 is quite low, so they are
not so attenuated by the IP route, |ikew se by the
IMroute, they are not particularly attenuated.

So, we plan to use this for our future vaccination
st udi es.

So, what we are now focusing on i s whether
CD4 T cells can synergize with hunoral inmmunity to
protect. As | said, we didn't expect them
necessarily to protect on their own.

In the types of studies that have
classically been done along these |lines, one can
transfer and give serotherapy the day before doing
an infection, and then give the infection the next
day and neasure the capacity of that serumto
pr ot ect.

But in our types of studies, that woul dn't
be appropriate because in these types of studies,

what happens is the serum unbl ocks infection, and
we want to ask whether T cells can contribute to clearing
intracel lular bacteria, so we need to have cells infected
first.
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So, we decided to try this other protocol
where we would first infect and ask whet her serum

can protect the next day, after the infectionis in
pl ace.

The answer is--1 amnot sure whether this has been done or not
in the past--but it clearly can. That is the block there, the round
circles.

That is serumgiven day plus 1, again with this 10
4
| P KIM D27 nodel .
So, post-exposure serum therapy can
protect, and it is actually extrenely potent. W
have been quite inpressed. As little as 3
mcroliters of this serumprotects. | forgot to tell you what this serum
is, | apologize. Wen we
do a sub-lethal KIM D27 infection, so that is 10
2
| P, we can then collect the serumfromthose
animal s out 30 days, and that is the serumthat we are

using in these serotherapy experinents.

So, that serumis extrenely effective, and it
has allowed us to do the | ast experinment that | want to
show you, and that is to develop an assay for protective
cellular immunity.
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So, here you will see | have switched to
MUMI mice. MJIMI mice lack V cells, they can't mnake
anti body responses. They are genetically deficient in D cel
production. So, what we have found we can do in these nmce is
we can give themthe KIM D27 IP infection, and then the next
day give themthis serotherapy, and if one does this that,
t hese m ce survive.

What we wanted to know was did that process
vaccinate themwi th cellular imunity that could protect
agai nst a subsequent day 50 chal |l enge. An appropriate control
was to use mce that got a shaminfection initially, got the
serotherapy, so if there is any |leftover serumfromthe | ower
infection, it should still be there fromthe upper nock

control, as well, and then challenge those m ce.

We need to repeat this, but in the first experinent,
it was really quite striking. |1t appeared that all of the
m ce that were vaccinated, all the MJUMI m ce which can't mnake
anti bodi es were vaccinated in a way that allowed themto
survive,
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were able to then survive a secondary infection
with 10 4 | P KIM D27.
So, we are quite excited about this. |
think it is pretty clear evidence that cellular
i mmunity can protect against |IP plague, and we are
noving on to | ook at the other nodels.
In closing, | just wanted to bring out a
point that | don't think has been di scussed nuch,
but for cellular inmmunity, | think we need to
rethink what are the right targets.
V protein is clearly a good target for
hunoral inmunity, but for cellular inmunity, in
order for cells to attack infected cells, we need
the Yersinia proteins to be expressed within those
infected cells, and | amnot sure V protein is the
right target in that context.
W have got assays that we are setting up
totry to identify what are the right targets in
vivo, and | would be happy to talk to peopl e about

that, but | don't think I have tinme right now.
So, in closing, | just want to thank Mchelle
Parent and Ki era Berggren who have done



nost of this work, ny Trudeau Institute coll eagues,
Jeff Adanovicz for providing the F1-V and support,
and Bob Brubaker for providing the KIM D27.

Thank you.

[ Appl ause. ]

DR. : Very interesting
presentation. | just wondered whet her you thought

that the T cells that you have identified in the
C57 Black 6 m ce might be conserved in other
hapl ot ypes of mice or not.

DR. SMLEY: | suspect that they won't be.
| think that is one of the difficulties of |ooking

at cellular imunity, that since it is all MC

restricted, it will depend on which strain you are
| ooking at. | hope others are | ooking at other
strains.

DR. LINDLER: Any other questions?
Thank you.
The next speaker is Shan Lu fromthe

University of Massachusetts. | think he is going
to speak about search for an optim zation of protective
antigens for plague vacci ne devel opnent.

271
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Search and Optim zation of Protective Antigens
for Plague Vacci ne Devel opnent Dr. Shan Lu

DR LU First, | would like to thank the
organi zers for inviting us to present the data
here. Also, | think that this is really a well -organi zed
conference. Being a beginner to this new
pl ague vaccine field, | thoroughly enjoyed the inforned
conference here today.

When we start plague vaccine, actually it was
started as a graduate student vacation project. Being
someone working in the vaccine field for 10 years incl uding
some of the HIV project, | hope peopl e appreciate how nuch
you have here.

Actual ly, you have an ani mal nodel, you have sonethi ng of
the i Mmune correl ates, and actually you know what anti gen
t hey protect.

So, when we started, we | ook from
different perspective, that is, what is the issue we want to
address here, how can we inprove rather than reinventing the
whol e wheel. So, | thought we should divide it into two
parts.



273

One is how can we inprove the
i mmunogenicity part and then the second one,
especially in the current regul atory and society
envi ronment, how can we inprove the safety of the future
generation of plague vacci ne.

In the i nmunogenicity part, we know that at | east
the two protective antigen has been identified, however, the
quality, especially the production, how do you put the two
anti gen together has been sone issue. Wen you fuse them

do they really forma big aggregate or a functional antigen?
Al so, we realize including today's presentation,
there is a chance we can identify new or novel protective
antigens. The other thing is how can we deliver antigen.
We know the |ive attenuated approach probably is not viable
nowadays, so what are the other choices for us, especially
in light of induction of several imune response, |ike
presented by Steve right before ny talk, and al so, of
course, today we tal k about what is an acceptabl e anim
nodel because many
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nodalities relate to what nodel you are |ooking at.
The safety part | thought is also very

i nportant, because that relates to how do you
protect, produce? Produce vaccine, it is not what
type, live attenuated or not, it is really standard
what you can really have a well-defined product to
go into human trials rather than you know t he
anti gen.

Al so, how do we sel ect additional antigen?
And then finally, how do we adm nister into
potential human popul ati on.

So, our strategy at U Mass was based on
the following prenmises. One is built on our
previ ous experience on design of novel vaccines.
Qur focus was not on the nodality of what type of vaccine,
rat her identify imunogenic antigens, because a vaccine is
the business of antigen. W need to pay nore attention on

t hat .

The second part, is how do we deliver, what is the
techni cal approach. W focus on the subunit based approach,
but subunits in ny | aboratory expanded to include both the
r econbi nant
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protein, as well as DNA as the subunit.

Actually, DNA to nme, actually is the best
approach to devel op subunit vaccine. You can
bypass many technical difficulty when you deal with
a protein antigen.

Then, finally, we further tried to use
efficient systemto screen for new protective
anti gens.

So, let's show you the first, just an
exanpl e, this study. Actually, nost of that already
been published in recent issue of Vaccine, but I
just want to give you nore detail here.

So, inthis first study, we included three
potential antigens: V and Fl1, that is well known
as a potential protective antigen; we included Pla, Jon
Goguen has been one of the pioneers show ng the pathogenesis
of Pla, so we also want to see whether this can function as

a new protective antigen.

As you may read in literature, our coll eagues at
UK have done work in vaccine, especially use the B antigen.
They have used a gene gun, which is ny favorite approach.
They al so
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optim ze, they also use the DNA protein. Those are
all the approaches | Iike, however, they still did not see -
- they reached sone |evel close to reconbi nant protein.

So, one trick they have not done, which | do a |ot
innmy lab, is look at the | eader sequence here showi ng as a
bl ack box. The difference between bacteria antigen and the
DNA vaccines is the DNA vaccine has to be expressed in the
mai n system and for the V antigen, they don't have a
put ati ve | eader sequence.

But we know that, when you have an antigen, a
speci al post-secreter, antibody antigen, you need a
secretion. So, that is why I am naking sone kind of F1
antigen, is very immunogeni c because it secretes.

Al so, Pla has a hydrophobia reason. W don't know
whether that is a | eader or not, but still it is a popular
strategy or at a | eader sequence. Actually, we find a very

different type of a response.
So, here is the immnization schedul e,
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very sinple. Every 4 weeks or nonthly, we give a
DNA i mruni zati on. W use a gene gun. Each animal, we give
6 mcrograns of DNA. | just want to enphasize this is not
an optim zing. You can see the protective efficacy of our
appr oach.

Then, we wait a long tinme. That is not because we
designed it that way, because our 303 | ab was not avail abl e,
we have [inaudi ble], and so on and so forth. Finally, we
have a boost and chall enge, and later | can show you, this
actually not relevant, we can shrink that, earlier
chal | enge.

Here is the RB antibodies. | get a response by
ELI SA. You can see the V works very well. F also works.
The t PA maybe inprove a little, but not too nuch fromthe
bi ndi ng anti body, but the Pla was conpletely negative. That

shows you Pla is not imrunogenic by this design.

Then, | will just go quickly to the key part, so
you can see that for the tPA of wld type, the tPA actually
have nore secrete--they have early rise. After one
I mruni zation, you see very tight
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anti body response, but after imunization 2
actually, they reach very simlar level of a
response, so the binding antibody, tPA-V or wild
type of V, they are very sinml ar.

However, the interesting thing is here,
better protection. This is the first tinme you
study, we use a 5,000 CFU, which is equivalent,
about 100 LD50. You can see that we see three
patterns, three antigens. This is the V group
here, this is the F1 group, this is the Pla.

Pla has no protection at all, the sanme as the
control. W see in 3 to 5 days all animls wthout
exception all die using the strain 100. That is the one Jon

Goguen used for many years.

You can see the F1. Wiether you use the tPA or
not, they are in simlar range of partial protection, and
then the real interesting part is the V antigen, very clear
cut. Wth the tPA no exception, all protected. You can
follow that wwth 2 weeks or even longer. The wild type, as
we expect fromV antigen, there was protection, but a
partial, the sanme as the F |evel.
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So, this confirnmed previous work that V
can protect. So, the next question we want to ask,
can we give a higher challenge dose. You can see here, this
is the sane 5,000 CFU, this is the 20,000, and this is
80, 000, which is about 300 LD50. This is all intranasal
chal I enge, by the way, and under 50 microliter, | agree with
a comrent earlier, what we do intranasally is we anesthetize
the animals, you draw up the Y. Initially, Jon was a little
bit suspecting whether that would work, but if you see it
once, you know that they will draw up everything, very
reliabl e technique.

So, here you can see that after the chall enge
dose, 90 percent protected with tPA. The wild type at the
basel i ne is about 20, and then when we go hi gher dose,
20,000 CFU, you can see about a 80 percent, then, 70

per cent .

If we put all the data together, just conpare here
the control group, all the animls now survive, and al so |
want to comment here, the size of animal group were
I ncreased to 10 animals, so 90
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percent for--for the tPAV at 500, 000, and 80
percent, that's 20, and 70 percent or 80 percent.
Unfortunately when we transfer the 5, this
nunber lost. Here, at the two dose, al
significant. |If we conbine all 3 together, you can
see the p-value is very, very significant, so
clearly the wild type and tPAV are very different
qualitatively.
So, the question is what happened here,
they are all V antigen. They should be the sanme V
antigen. So, it is very interesting. W want to
prove our antibody, then, we find sonmething very
interesting, that is, here, with the tPA they form
the diner or tetraner. For the wild type, you
don't see that, and they have | ess secreted. Because of
time, the reason | am not
showi ng the other--if you | ook at our paper, you will find
if we over-express or produce here, this is wild type, you

can still see just a band, don't form oligoners.
The binding is very strong for V antigen, so that
i's why when you nmake a fusi on protein,
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sonetimes [inaudible], you will see that, you wll
reduce it back to single band. Prove that.

The next question is interesting. So, we
| ook at what are the subtypes as a sinple way to
measure Thl, Th2, as we discussed earlier this
norning. You can see that because we use gene gun
so we can see a predom nant 1gGl, a pH of 2, as we
expected froma protected anti body.

However, the sinple fraction of the | g&A,
which is representing Thl, actually was increased
with tPA type rather than the wild type, so
suggesti ng sonehow when we change the | eader
sequence, the 40 of the protein is different, as we
see fromthe previous western gel. So, there is
some confirmation difference.

W know that the | eader sequence is
actually very critical after translocation, protein
di fferences. W know the so-called inmune
suppressed function, probably is the N-term nus.

So, whether that 40 actually affect that, we don't know.

So, that is a very interesting question.
Gven the tinme, I will just quickly show
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you sone ot her data very quickly, just one mnute.
So, we also | ook and use the sane

technol ogy to quickly screen |ike we are doing here, we | ook
at YopD, YopB, and YopO, because you can see, sonetines a
bacteria antigen has two hydrophobi ¢ domains or just has
one, so we made all kind of antigen engi neer, renove them or
not renoving, add a | eader or not, then, you can see the

result here.

So, wth YopO the wild type, they were mainly
intracellular, but we make a tPA and allow to secrete. Wth
YopB, unfortunately, again, Mcrosoft shifted here, so you
can see here, we have N-term nal here, very well expressed,
we can sel ectively express certain domain, [inaudible] or
you have the tPA with no change at all. You can see if you
renmove the hydrophobia region, you will actually induce a
secretion, inprove the i nmunuogenicity, and the sane thing
here with YopD, so we are | ooking at whether this antigen
can provide any protection. | can tell you briefly,
basically, we did not see a major protection
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However, what | want to show here with
this technol ogy, you can quickly screen many
antigens in a reliable, protecting nodel w thout going
t hrough very conplicated protein production process.

So, this is our strategy for the future study. W
beli eve the DNA or DNA-plus protein is a very viable
approach to generate energi ng vacci nes as nost peopl e agree
in this audience, and we want to have proof of efficacy,
protective antibodi es, plus proof of cell-nmediated i munity.
Whet her that is CD-4 or even CD 8, we don't know yet, and
al so we use DNA as a protein, as a technical protein.

We believe that this is a safe and very easy to
adm nister, and the nost inportant thing, if we use subunit
and DNA in the future, the plague vaccine can be mxed with
ot her bi odefense--so the soldiers, when the go to field,
they don't have to receive 20 needl e sticks. They can use

probably one or two.
So, | wll stop here. Finally, I want to thank ny
col | aborators. At the top are the people
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fromny laboratory. | want to thank nmy coll eague,
Jon Goguen, who gave all the guidance and w thout him!l
don't think we would nake such a program

Thank you. | will stop here. [Appl ause.]

DR. LINDLER: Any questions?

Thank you.

The next speaker is Kathleen McDonough from
t he Wadswort h Center speaking about profiling
differential gene expression in Yersinia pestis as a
tool for vaccine target identification.
Profiling Differential Gene Expression in Yersinia
Pestis as a Tool for Vaccine Target ldentification

Dr. Kat hl een McDonough

DR. McDONOUGH: | want to start by thanking the
organi zers for the invitation to speak today about a project
that is very newin the lab. Unlike the plague doctors of
the Mddl e Ages, we certainly have a trenendous nunber of
tools, particularly nost recently the availability of
conpl ete genone sequences, but | think although we are rich
in these technol ogies, we are al so, as we
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have seen today, still fairly poor in answers about
what makes plague bacilli really tick
So, what we are interested inis
i dentifying sone environmentally regul ated pl ague-
speci fic gene products that may al so be useful for
pat hogenesis for the organi smand, from our
perspective, for diagnostics in vaccine design.
Classically, in terns of the Yersinia, DNA
rel at edness has been not a good i ndicator of
biological simlarity or at least in terms of
pat hogenesi s, and so our approach has been to think
about | ooking instead at expression profiling to
get at some of the nore unique pestis attributes, and, in
particular, as we have been hearing all today, the disease
that pestis causes is certainly very different than the
di sease of either the other enteric pathogens, the
enterocolitica or pseudotubercul osis, and, of course, only

Yersinia pestis is transnmtted by fl eas.

So, in ternms of thinking about expression
profiling, the nost inmedi ate choice we had to make was
protein versus RNA, and we have chosen the
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prot eomre approach for a couple of reasons |listed
her e.

In particular, protein is a nore final
product than RNA, and very inportantly, we think
that this then allows us to get to
posttranscriptional regulatory products that we think may be
i nportant particularly for plague.

Protein also has nore direct potenti al

than RNA as a direct vaccine target, and, of course, we have
sonme additional advantages to doing proteins over RNA in
that we can fractionate our sanples, and so on, before we
| ook at themif we want to get, in particular, for vaccine
type of devel opnent, secreted or nenbrane-bound anti gens.

So, back onto the idea of
posttranscriptional regulation and thinking that it may be
sonmet hing of particular inportance for Yersinia pestis. A
recent paper out of Bob Perry/Jackie Featherston's |ab, the
HVE phenotype that is critical for bl ockage of fleas and
therefore transm ssion by the natural plague rodent/flea
route is posttranscriptionly regul ated,
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and an ol der paper out of Brubaker's lab, it is
shown that sone of the Yop routines are degraded by the
pl asm nogen activator on the pestis and plasmd at least in
vitro, and whether this happens or is inportant in vivo or
not has not been foll owed up.

| amgoing to skip the sort of technique

slide there. | think nost folks are pretty famliar with 2D
GEMS or 2D GEL el ectrophoresis in mass spectronetry, and

just nove on to sone of the applications.

This is actually a study froma different project
in the lab on TB that illustrates the point of how 2D GEMS
can be particularly useful for identifying
posttranscriptionally nodified bacteria, and this is just
| ooking at differential protein expression in a vaccine
strain of TB, and the only inportant things to get here are
that with sone of these identifications that are shown here,
the two nost promnent differentially expressed one, this
Nurmber 7, the PE PGRS6, and the GRO-EL2 are both actually
posttranscriptionally nodified, as well as transcriptionally
differentially
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expr essed.

Those are the two that are shown here in
bl ue, and you will notice that at the protein
|l evel, GRO-EL2 is differentially expressed or
i nduced 10-fold in the one condition over the
others, but only 2.3-fold at the RNA | evel .

Li kewi se, 27-fold deduction at the protein |level for
this PE PGRS protein, and only a very m nor or
relatively mnor increase at the RNA | evel.

So, the 2D-CGEMS is particularly useful for
| ooking at the total protein effect. | should say
that of those two prior proteins, one of themis a
prot ease cl eavage event, and the other is a | ot
nore |ikely a translational regulation

So, the other thing that we would al so get
that wasn't done, if there is any kind of other

protein nodifications, nethylations or

phosphoryl ati ons, et cetera, they will ship themin
gel, and they will cone up in this kind of
anal ysi s.

So, in thinking about what kind of regul atory
conditions would be interesting to | ook
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at, a first tenperature in calciumor the other
really classical regulators for plague, as well as
t he ot her Yersinia.
Iron, as well, a trenendous anount of good
wor k has been done on this, particularly out of Bob
Perry's lab, but the rest of environnental
conditi ons have not been well addressed in
'sinia, and in all of them or each of them may al so have a role
manmal i an host particularly with respect to the tinme they nmay
:and intracellularly w thin nmacrophages as has been al luded to
reral tinmes today.

So, the data that | wanted to just show you today has to
wi th | ooking at hypoxia, and one of the reasons that we chose
)oxia i s because in other organisns, hypoxia has been a very good
jnal to look at to identify genes that may be induced or

jul ated wi thin the nmacrophage.

So, in particular, the thing to key in on here is that in
'ms of oxygen in atnospheric air, it is very high levels. Al so,
the lunen of the lungs, the oxygen is also going to be very
yh,
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but then once you are inside a cell, the oxygen
will drop quite a bit, down to about 2.6 percent. Another thing that
happens in the

manmal i an host that is different fromwhat is in
> environnment is that the CC
2 levels in the
environment are very |low, but al nost anywhere you
go, in a cell or out of acell, within a host, is
al so CO 2, so in our hypoxia
ditions, when we

nodul ate t he oxygen, we al so include CO
2 when we
are thinking about mamral i an conditi ons.
So, what this has shown here is just a
little profile of some proteonmes. On top is
Yersinia pestis, and on the bottomis
pseudot ubercul osis, and either on the left, anmbient air conditions or

hypoxi ¢ condi ti ons, which were
3 percent oxygen and 5 percent CC

2, and the
things to clue in on here, the real question we
were asking, are there differences between pestis and

pseudoTB in this condition.

So, the boxes are show ng proteins that
di ffer between pestis and pseudotubercul osis. So,
for exanple, here you have got that little doublet.
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You have got the top guy here. He is missing here,
he is m ssing here, and so on.

Al so, the circles are going back and forth
and showi ng intraspecies differences in pestis or
i n pseudoTB, and there is others that are not
marked here that are lost in the translation.

But the other things to keep in mnd is that we
use strains to try to match, nostly for the chronosonme, and
so that we woul dn't have as nuch interference in terns of
differences fromsone of the extra plasm ds, and so both
pestis and pseudoTB were both LCR-m nus.

The pseudoTB isolate, we used is a serotype | that
has the hi gh pathogenicity, and also the pestis that we use

is 10-plus, so it also is missing the pestis in plasmd.

In terms of extra DNA that we know is there, the
PMI1 plasmd is present in pestis, and not pseudoTB. So,
what we will nove on with is also | ooking, as well, at the
different contributions of each of the different plasmds in
terms of regulating chronosomal genes.
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This just shows a later tinme point. The
time point |I just showed you was one hour in
hypoxia. This is now 24 hours in hypoxic
conditions, and this is just pestis, and this is
showi ng a nunber of differences between the anbient
protei n expression versus the hypoxic protein
expr essi on.

So, | have shown you so far, or what |
have shown you, all | amgoing to show you today,
is essentially the 2D gel electrophoresis. W
think it is a useful approach for identifying
pesti s-specific responses to the environnent.

The pestis proteone does change in response to the
hypoxi a, and pestis and pseudoTB al so respond differently to
t hese conditions. Where we are going in the future and
currently is that we will analyze the response of pestis to
see the additional environnental conditions that I
menti oned. People have ideas about other things or in terms
of prioritizing things.

We are certainly interested in hearing them In
addition, what | didn't show you is any
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nmet abolic labeling differences, it was all just
St eady State approaching conparisons. Wth netabolic
| abel i ng, of course, we see |ots nore changes although they
are harder to follow up in terns of the nass spec. protein
| Ds.

In addition to doing the 2D- GEMS, anot her nass
spec. approach is | CAT technology or the isotopically coated
affinity tags. W are doing sone of that, as well. It
essentially bypasses the 2D-CGELS, and it is a very
conpl ementary approach to the 2D- GELS because you are able
to anal yze kind of different sets of proteins, as well as
some overl ap

Then, of course, for the future, we will nove on
with the proteins that are identified and characterize them
with respect to regulation and function, and their potenti al
as vaccine or therapeutic targets.

The people sinply | nmention here would be M chael
Gazdi k had done the TB-related gels that | showed you, and

Davi d Schaak did the plated gels.
Thank you for your attention.
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[ Appl ause. ]

DR. PERRY: Bob Perry, University of
Kent ucky.
Kathl een, is there a difference in the
grow h rate between your atnospheric and your
hypoxic strains? Does it really drastically change the
generation tines or are they growi ng about the sanme rate?

DR. McDONOUGH: We haven't analyzed that really
carefully yet, so | can't say total, but there was nothing
really dramatically obvious in terns of culture densities,
but this is the kind of thing we used to go do.

DR. PERRY: | just sonetines think we need to sort
of monitor that and then see if sone of the changes are not
due to oxygen, tenperature differences, but growth rate
di fferences, and do that by adjusting your growmh rate with

ot her deficiencies.

| think there have been sonme mcroarray studies
where they haven't taken that into account, and you see a
whol e bunch of weird genes that are
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iron regul ated, but I amwondering if they are
growh rate regul ated instead.

DR. McDONOUGH: Not hi ng | ooked obvi ously
different. They didn't seemreally chall enged.
The other thing is they were only in for an hour.

DR. LINDLER: Have you been able to map
those to specific regions in plague or pseudoTB,
where those gene products are com ng fronf

DR. McDONOQUGH: Not yet. Next on the
list. One of the things we typically do. You get
a lot of variability interns of gel-to-gel is
typically very consistent, but in ternms of
bi ol ogi cal repeats, and we have | earned from
experience that before we go on and identify things
by mass spec., we end up setting up really rigid
criteria, so that we like to have at |east three
bi ol ogi cal repeats of proteins that are
reproduci bly changed before we nove on and do the
l.V.'s. So, that is still in progress.

DR. LINDLER: Thank you.
The | ast speaker is Leah Scott from Defence
Sci ence and Technol ogy Laboratory. She is
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goi ng to speak about the marnpset as an
i mrunol ogi cal nodel for plague.
The Marnoset as an | mrunol ogi cal Model for Pl ague
Ms. Leah Scott
MS. SCOTT: Good afternoon, everybody. Thank you
very much for your forbearance at the end of a | ong but
productive day.
| would just like to spend a few m nutes
hi ghlighting sone issues that | think are terribly inportant
tous all. Particularly, we have heard from Loui se about
the inportance of nonhuman primate nodels in this area, and
this is an option that | just want to raise with you. W
will be around for the rest of this evening and tonorrow if

you want to discuss things in greater detail.
For those of you who may not be famliar, famliar

with the marnoset, here they are - small, new prinmtes 350
to 450 grans. | will just say very quickly, this is
background, what we know about immunologically, | wll

allude to work in progress, and finish off with sonme remarks
about ot her sources of information.
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We know, worldw de, the comon nmarnoset is
becom ng nuch nore popul ar and has been wi dely used
in many areas of research including, as it says there,

i ncludi ng a nunber of fundanental applied research areas in
regul atory studies in diverse areas, particularly in

neur ophar macol ogy, behavi or and toxicol ogy. W know about
t hose issues. They have been around for a long tine.

But specifically in the context of the world which
many of us in this roomlive, in the UK the marnoset has
been extensively used to elicit the effect of nerve agent
poi soning, and it continues to be absolutely pivotal to us
in bridging guinea pig studies to human studi es when we are
tal ki ng about the devel opnent of nerve agent pretreatnment

and t herapy.

What our plans are for the future, we are | ooking
at marnosets. W haven't done plague in these animals yet,
but we have plans to do so in the not too distant future.
W aimto characterize the nodel, understand its relative
strengt hs and weaknesses, which is a fundanmental approach
t hat we
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have right across our work here, and we aimto do
that, as | say, in the next six nonths onwards.

We have been involved in characterizing the
mar nroset as a nodel in imunol ogi cal studies because of the
m ddl e bullet there. The marnpset has been used in our
| aboratory in a very high profile study over the last four
years to look at the effects of multiple vaccinations in the
context of Gulf health.

Previously, it had not been particularly well
characterized as a nodel in such studies, and we had to
bui | d upon one or two case studies and build up the tool set,
so that we can understand the inpact of vaccination in this
nodel. W are nowin a position to do that.

The big issue, of course, with the marnoset is
because of its small size, and its incredible productivity
in ternms of |aboratory nmanagenent and captive breeding,
mar nosets tend to have twins or triplets twice a year, and

it can be used fromage 11 nonths to 12 nonths onwards.
So, those of you famliar with |arge
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primate studies will see that there are enornous
benefits to be gained fromthat. Mreover, their captive
managenent is relatively easy, and that includes in high
| evel s of biocontainment. So, certainly worth considering
in this context.

This is just a summary of what we can do at the

nonent. In view of the |ateness of the hour and the short
time that | promised to talk for, I shan't go through it
all.

Suffice as to say we have the toolset. | have

some exenplar data. Conme and see ne afterwards or tonorrow,
and we can di scuss those issues. Just wanted to flag up the
bi g issue.

Many of you in this room all of you in this room
wi Il know our existing plague team but these are a few
ot her fol ks, sone of my other coll eagues at DSTL, what |
woul d call the Parent Marnoset |nmunol ogy Team who have
been | ooki ng at nmarnoset vaccine studies in the context of

@ul f heal th.
Gareth and his team woul d be very pleased to hel p.
| would also like to draw your attention
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to the European Marnoset Research Group, which was
founded nore than 10 years ago now, and is
devel oping as a very strong information base, the
di scussi on of such issues, and nore recently, the
devel opnent of the Marnobset Research G oup of the
Anericas. The web site address is there.

Thank you very nmuch for your forbearance
and will look forward to talking to you.

[ Appl ause. ]

DR. LINDLER: Any guestions?

| would Iike to thank the organizers and |
will turn it back over to them Thank you

[ Wher eupon, at 4:48 p.m, the proceedi ngs
were recessed, to reconvene on Thursday, Cctober

14, 2004.]



