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PROCEEDINGS

DR. VOSTAL: Good norning. M nane is Jaro
Vostal, and I1'd |like to wel cone you to Washi ngton, D.C.,
NlH, and to the workshop on pathogen reduction in cellular
bl ood conponents. W have a very exciting day today,
packed with lots of information and di scussion, so we have
to get started.

W will also try to stay on tine because it's
important for us to cover all the topics fromnorning until
aft er noon.

There's one order of business I'd like to bring
up, and that is, people have approached ne about whether
we' ve been collecting information on conflict of interest
for the speakers. Since this is a public workshop, we
don't have a policy to do that, only for advisory
committees. But if you' re a speaker and you have sone
potential conflicts, we welcone you to reveal those on a
vol unteer basis at the beginning of your talk.

So, to get started, we have Dr. Jay Epstein,
who's the Director of Ofice of Bl ood Research and Review,
and he will give the introduction this norning.

DR EPSTEIN. Well, thank you very nuch, Jaro.

It's nmy pleasant task to set the stage, but | think it's

obvious that the real thanks go to Jaro and his group for
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devel opi ng and organi zi ng the program and special thanks
al so to Joe Wlczek for handling our |ogistics.

As Jaro said, our goal is to review the energing
technol ogi es that are applicable to pathogen reduction for
cellul ar bl ood products. And how do | get the first slide
on?

Just with some acknow edgnment to the cartoonist,
| think it's obvious to everyone in the roomthat
bacterial, viral, and protozoa pat hogens have been
identified in blood products, that nortality and norbidity
are associated with transfusions that are contam nated by
t hese pat hogens. FDA and industry as a whole are conmtted
to reduci ng the incidence of pathogen contam nation in
bl ood products. And as you can see fromthe organization
of the program we are m ndful that there are a nunber of
di fferent ways to approach the challenge of decreasing
cont am nati on

Broadl y speaking, these nethods include efforts
to primary prevent contam nation of the collection. This
i ncludes the skin preparation nethod as well as the
possi bl e effectiveness of diverting an initial volunme of
the coll ected blood away fromthe final storage container.

We then nove to efforts to detect pathogens in
the collection as a way to avoid use of contam nated units.

And we have, again, a set of technol ogies directed at
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di fferent pathogens: nucleic acid testing, bacteria
culture, use of bacterial fluorescent probes, and sone
novel biochem cal tests for pathogen proliferation.

Failing that, there's then the new technol ogy
chal | enge of nethodol ogi es to decontamn nate a cont ani nat ed
unit, and we have targets that are directed toward nucleic
acid, and these include both nethods that are chemically
spont aneously reactive as well as those that require
activation by UV |ight.

So what we hope to do at this workshop is to
eval uate these several different approaches to pathogen
reduction. Fromthe FDA' s standpoint, each individua
approach will need to be evaluated both for safety and
efficacy within its context of intended use. O these
t hree basic nmethods, the use of decontam nation is both the
nost novel and the nost conplicated in terns of the safety
and efficacy assessnent and, therefore, will nerit a
consi der abl e anmount of our tine.

Decont am nati on et hods i nvol ve the addition of
mut ageni ¢ and potentially carcinogenic chemcals. W are
aware that residual amounts of these chem cals can remain
wi thin the transfusion product and then be transfused. And
we al so recogni ze that in sone cases these chem cals may
interact with the product itself, potentially changing its

char acter.
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The focus of the workshop, again, as noted
earlier, is on the cellular product, and the cellular
products, as we know, are uni que because they are, for the
nost part, not frozen. And storage tenperatures above
freezing do allow particularly for bacterial proliferation.

Additionally, these cells are susceptible to
damage both from chem cal exposure and UV |ight treatnent,
and the evaluation of toxicity or damage to the cells is
itself a conplex task

The intent, then, at the workshop is to pronote
t he di scussion of the scientific aspects for evaluating
pat hogen reduction in cellular products. W hope to hear
public opinion on the appropriateness of the approach that
the FDA is taking toward eval uati ng these nethods, and we
hope to encourage the devel opnent of novelty contam nation
met hods by outlining the necessary steps toward validating
clinical use.

We then will review the different approaches to
eval uati ng pat hogen decontam nati on nethods. W hope to
establish the appropriate nethodol ogy for testing efficacy,
and we hope to obtain sone |level of a scientific consensus
on the mnimum |l evel of efficacy that will be required.

Concom tantly, we hope to get a franmework in
pl ace to evaluate toxicity of these nmethods. W will then

review the current nmethods for evaluating the efficacy and
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the safety of cellular products. And we will specifically
focus on the question of FDA's approach toward assessing
toxicity when there's a question of nmutagenicity or

carci nogenicity.

So, as you can see, we've set ourselves a rather
anbi tious task, but we know that we have assenbled in the
room sone of the |eading experts in these areas, and we
| ook forward very nmuch to the insights that we may gain
fromthis dialogue toward establishing the framework of FDA
deci sionmaking that will permt product devel opnent to go
f orwar d.

So I thank you all for comng to the neeting and
| ook forward to your contributions throughout the sessions.
Thank you. | give the podium back to Dr. Vostal

[ Appl ause. ]

DR. VOSTAL: GCkay. Thank you, Dr. Epstein.

So now we'll nove into the first session of the
wor kshop, and this will deal with an overview of the
different types of pathogens that can be transmtted by
bl ood transfusion, and our first speaker is Dr. Roslyn
Yontovi an, who is the Director of Blood Bank, Transfusion
Medi ci ne Service and the Acting Director of Cinical
Pat hol ogy at the University Hospital of C eveland, OChio.

She will cover the bacterial contan nants.
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DR, YOMTOVI AN. Wl |, thank you so nuch, Dr.
Vostal, and others, for inviting me back again. | feel
l[ike I'"'min the novie "Same Tinme, Next Year," for those of
you who are familiar with that novie. But I'mcertainly
happy on behal f of our group in Ceveland to talk to you
about this very inportant topic and give you an overvi ew on
what | feel are the key issues in bacterial contam nation.

To start on a little light note here, there have
been two ot her workshops on a related topic in the past, so
the question is how many acts will we finally have. | hope
that this is indeed the | ast act before we finally do
sonet hi ng about what | consider a very inportant issue in
bl ood transfusion safety, as | hope to rem nd you or
convi nce you of before I'mdone with ny talKk.

And so, really, I"mgoing to cover with you very,
very briefly two key issues, and they are to recognize the
clinical significance especially of platelet bacterial
contam nation, and then very briefly pick up where Dr.
Epstein left off, just going through what are some of the
strategy or strategies to prevent or interdict the problem

Now, I will focus on platelets, and in trying to
convince you that that's appropriate, | paraphrase Wllie
Sutton, who actually never said that he robs banks because
that's where the noney is. He said--"I rob banks because

that's where the noney is" is not really what he said.
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It's nodified fromthe irony of using a bank robber's maxi m
as an instrunent for teaching nedicine is conpounded, |

will now confess, by the fact that | never, never said it.
Wiy did | rob banks? To ne the noney was the chips, that's
all. So, tonme, platelets are the chips in terns of
bacterial contam nation, that's all

Actually, WIllie Sutton wote two books, believe
it or not, so he did nore than just rob banks.

Well, to begin with, a little bit of an overview
on the subject, and | don't think I have to convince anyone
here of what's witten on this slide: In an era in which
the risk of transm ssion of recogni zed transfusion-
transmtted viruses, particularly HV, has been virtually
elimnated, it is paradoxical and sonmewhat ironic that the
earliest recogni zed infectious transfusion conplication,
bacterial contam nation, is now the nost frequent and
i ndeed is the nbst daunti ng and proving to be the nost
difficult to eradicate.

And we fell into this not because, | nust say, |
was born with a genetic inclination to study this, but
because about ten years ago we had a cluster of four
epi sodes of bacterial contam nation at our facility, which
was thoroughly investigated by the CDC and FDA and was
reported in MMR and | ater expanded into a fuller report in

I nfection Control and Hospital Epidem ology. And, in
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essence, what we discovered, what everyone di scovered was
we weren't doi ng anything wong. That was our great fear
in the beginning. What was uni que about our facility? Wy
did we have all these contam nations? W were doing
not hi ng wong. Qur technique was proper, et cetera.

Since then, of course, we discovered that this is
a problem for whatever reason--and | don't have tine to go
into the details--that does seemto cluster. It's a very
interesting aspect of this problem and perhaps we can talk
about it at the panel.

But I want to now just take a couple of mnutes
and give a very truncated, historical overview, really
starting with the platelet story. O course, contam nation
of bl ood goes way back to the early part of the century, if
one | ooks at red cells. But | want to | ook at platelets,
and, therefore, I'll go back to 1969 in a very inportant
paper by Murphy and Gardner in which they discovered that
you could increase the shelf life of platelets greatly by
storing themat roomtenperature. And, of course,
devel opnent in plastic bags nade that possible.

But one of the things they worried about was if
there would be a risk frominadvertent bacteria
contam nation. Now, they felt there was not a risk, and
that was based on a very small study--very small. | think

"n" was, you know, no nore than about 100 in their study,
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and, therefore, it was not surprising that only a couple of
years |l ater Buchhol z's group reported on a case of

t ransfusi on-i nduced enterobacter sepsis, and they

adnoni shed that, although there is utility to room
tenperature storage of platelets because you could keep
them | onger, the platelets are functional |onger, there my
be a serious risk to those receiving such products.

Platel ets stored at roomtenperature should be used with
caution, especially in high-risk popul ati ons.

And shortly thereafter, they used that incident
as, of course, we've used our experience in this area to do
a larger study, and they found that up to 1.6 percent of
pl atel et units are contam nated, and they noted that to be
storage-tine-related, as many others have noted since. And
they further said that the risk of bacterial proliferation
may warrant a review of current nmethods of platelet
coll ection and of anbient tenperature platelet storage.

And, again, they cautioned use of these products,
especially in recipients of inpaired host defense
mechani sns. And, in retrospect, it fell largely on--it
fell silent. There was really not an audi ence for what
Buchhol z and ot hers were sayi ng.

Anot her group--this is not the sanme Dr. Jacobs in
our group--at about the same tinme, again, worried that

pl atel et concentrate stored for four days at room
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tenperature would facilitate bacterial proliferation, and
in a very prophetic recommendation, which I don't know if
they ever followed up on, but it certainly rings true for
t oday, they proposed use of a direct filmmade froma

seal ed segnent of the tubing incubated at 37 degrees
over ni ght when the parent bag is stored at 22 degrees, and
they said that should provide a reliable indication of
bacterial contam nation at the tine the platel et
concentrate is being distributed.

That's really the essence of what's going on now
with the various culture schenes where you have a hol di ng
period at a higher tenperature to encourage or augment the
bacterial growth. Very prophetic.

Well, the saga went on. New bags were devel oped
to store platelets, and instead of being worried about
bacterial contam nation, the storage tine of platelets was
actual ly extended with the new generation of bags fromfive
to seven days, and it was only then in 1986, in response to
an increase in nunber of reports of platelet transfusion-
associ ated sepsis, that the Bl ood Product Advisory
Committee to the FDA recomended goi ng back from seven days
to five days. And, actually, if you read that report
carefully, you could nmake a case that they should have gone

back to four days. But | think this was a conproni se at
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the tine of trying to keep the supply up and reduce the
pr obl em

So what is the risk of contamnation in
platelets? |If one |looks at the FDA's own data derived from
t he mandatory reporting of transfusion-associ ated deat hs,
one notes that in the two tine franmes, an earlier and a
nore recent one, although the total nunber of deaths is
about the sane, the percentage due to contam nation has
gone up. And that's likely due to the increased use of
platelets in this tine period, which is greatly increased,
and perhaps sone better recognition.

Qops, sorry. If one--1 amgoing, | think, the
wrong way. No. Sorry.

Ckay. |'mnot going to bel abor the BaCon study
because you'll hear about that later, but that is the
second way that the risk has been eval uated of bacteri al
contam nation. And, of course, that study did use
rigorously defined criteria to capture cases. And I'll get
back to that inalittle bit because, by being so rigorous,
obvi ously the total nunber of cases would be |imted.

And, in fact, in the BaCon study published
results--and, again, |'msure you'll hear an update of this
| ater--here are the results. There were five cases in red
cells and there were 11 cases in pooled randomunits and 18

cases in single-donor units with fatalities in all of these
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cases, a much higher rate in the platelets. Not to say the
probl em doesn't exist inred cells, but it's certainly far
greater in platelets.

Now, both the FDA reporting nmechani smand the
BaCon study are dealing with the tip of the iceberg, and
"1l explain that shortly. The work we've done through the
years is trying to |l ook at the rest of the iceberg, which I
will try to convince you there are many clinically
significant cases in here. And even cases that are
unlikely to be clinically significant may be inportant in
an epi dem ol ogi c sense or to warn us that sonething may be
percol ating. So these cases, | believe, are also inportant
to recogni ze.

And so what | have done is tried to sunmarize on
one slide--and this is probably the nost inportant slide
that | will show today--that if you normalize our
experience to 100,000 platelet transfusions in the
denom nator, |'mconparing the risk of transfusion-
transmtted bacterial disease per 100,000 transfusions and
an estimate of transfusion-transmtted deaths fromthis
problemin the BaCon study and in our experience. And the
di fferences are, you know, orders of magnitude different.
So BaCon woul d have one per 100, 000 of bacteri al
transm ssion. Qur nunber suggests it's sonething |ike 200

per 100, 000. And deaths, BaCon reported 0.2, if you | ook
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at their publications, in transfusion per 100,000; in our
experience, it's approxinmately 10 cases per 100,000. Very
different nunbers and a very significant problem

And work that we've done al so showed that unit
per unit, the risk of contam nation in a single-donor
pl atel et apheresis unit versus a randomunit is
statistically the same. Now, obviously, since randomunits
are pooled, the risk is nmuch greater, approxinately--you
multiply the risk by the nunber of units in the pool. But
unit for unit, the risk appeared to be the sane.

| wanted to share with you just a few very
concise clinical vignettes fromour studies through the
years on bacterial contam nation of platelets as a way of
illustrating why the data froma study |ike BaCon, which is
a very useful study, but it's very restricted in the
nunbers of cases that were finally reported because of the
rigorous criteria that it used, and also it was voluntary
and it certainly wasn't a prospectively designed study, as
were our studies for many years. So let ne share with you
a few cases.

A 45-year-ol d patient was receiving multiple
anti bi otics, devel oped shock beginning 30 mnutes after a
transfusi on of an apheresis platelet, Streptococcus bovis
was isolated fromthe platelet bag, but her blood cultures

were negative. So it wasn't accepted as a BaCon case
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because it required that the blood cultures be positive.
But many patients that receive platelets are protected in
the sense--protected fromthe growh of the organi sm
certainly not fromthe endotoxin, because they're on
antibiotics. This patient did not die fromthis event but
di ed shortly thereafter froman unrel ated cause.

Anot her case is a 63-year-old patient with AM
who devel oped rigors 15 mnutes after a transfusion. No
ot her signs or synptons. WAs given a pool of five random
platelets. A very astute nurse, however, obtained two
bl ood cultures right about that time, and the platelet pool
bag was part of our surveillance, prospective surveillance
program was positive for coagul ase-negative staph, as were
the two bl ood cultures. She was treated wi th vancomycin,
recovered. This was accepted as a BaCon case because the
organi sms were identical by RFLP. The blood cultures were
positive. The pool bag was positive and so forth. But I
venture to say very few hospitals would do bl ood cul tures
on soneone only having rigors after a platelet transfusion
with no other signs or synptons.

Two nore very interesting cases are a 27-year-old
with ALL who received a pool of platelets, and | will say
uneventful ly, absolutely uneventfully. Twenty hours |ater
he felt chilly, and 22 hours later after he got the

transfusion, he spiked a very high fever. W were doing
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surveillance cultures on our bags. That was positive by
then for Staph aureus. A blood culture was drawn. It was
al so positive for Staph aureus. He was treated with
vanconyci n and al so required granul ocytes. This was al so
not accepted as a BaCon case because of the delay in the
synptons, significant delay. And we've seen that nore than
once.

A 72-year-old with aplastic anem a received five
random pl atelets in a pool, again, | enphasize
uneventfully. W were doing surveillance cultures of our
platelets. It was positive after the fact for coagul ase-
negative staph. Two blood cultures were obtained at day
four. One of the two cultures was positive for what seened
to be an identical organism at least with antibiotic
susceptibilities. A corresponding red cell unit fromthat
donor was al so positive. She was treated with vancomnycin,
and, again, that was not accepted as a BaCon case because
there were no clinical synptons.

So the point of this is sinply that the problem
is far greater than what has been reported to the FDA and
what has cone out fromthe BaCon study. And this just
sumrari zes what |'ve already mentioned.

In the remaining tinme, | want to just very
briefly and quickly review the different strategy or

strategies to interdict bacterial contam nation because
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it's possible that, unlike the paradigmin blood bank for
many years in which you wanted, you know, one strategy to
deal with the problem we may need nultiple strategies to
deal with this problem although I"'msure that will be a
topic for discussion |ater.

So I've just put these into what | consider four
paradi gns: the bacterial contam nation avoi dance net hods,
i nhi bition nmethods, detection, and elim nation nethods.
And, of course, this neeting is going to focus primarily on
the elimnation nethods.

But starting at the beginning, an avoi dance
nmet hod woul d certainly be the ideal approach since it would
avoi d the need downstream for bacterial detection, growth
inhibition, or elimnation. And avoi dance strategies
depend on the bacterial source, obviously.

There are two ways, two main ways that bl ood
products can becone contam nated. One woul d be donor
bacterem a, and certainly with platelets, the nost common
way i s donor phlebotony. O course, to deal w th donor
bacterem a, the ideal way, if possible, would be donor
screening. Obviously that won't be 100 percent. And for
phl ebot oy, an i deal way woul d be to have the best arm
preparati on possible.

But even with the best arm preparation possible,

you're not going to elimnate this problem because it's
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been shown fairly convincingly that bacteria don't reside
only on the superficial skin surface, but bacteria are
harbored in the deeper |ayers of the skin and skin
appendages. And, for exanple, the American Society for

M crobi ol ogy even allows a blood culture contam nation rate
of up to 3 percent, and in part, that reflects the fact
that you cannot totally decontam nate the skin.

In a table that was published by Dr. Ernst in one
of --a throwaway journal but a very useful table,
nonet hel ess, on the percentage of organisns as
contam nants, it's interesting that certainly two of the
ones that we see commonly in platelet contam nation,
baci |l us and coag-negative staph, are also the ones that
are found nost commonly as fal se positives, quote, false
positives, in blood cultures. So certainly sone of these
are likely related to the phl ebotony process.

Now, there is likely a correlation between the
type of skin prep and the rate of culture positivity. Mny
papers through the years have noted that iodine tincture is
a superior mcrobicide conpared to povi done, iodine, and
ot her nethods. 1In fact, you in sone papers get a 50-
percent reduction in spurious contam nation, and you even
get a reduction in the quantitative |level of bacteria

gr owt h.
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However, a very recent paper by Calfee, et al.,
in the Journal of Cinical Mcrobiology, actually refutes
that and doesn't show a statistically significant
difference in these nethods. So |I'm convinced there |ikely
is a difference in nethods, but |I'mnot expert enough to
tell you what the best nmethod is. |It's certainly sonething
t hat needs ongoi ng eval uati on.

Li kely of much nore inportance is the training of
t he phl ebotomists, and in three studies--two by Wi nbaum
and one by Schifman, et al.--they conpared the rate of
contam nation of trained phlebotom sts with non-
phl ebotom sts, and this is very gernmane because in an era
where hospitals are trying to cut costs every which way and
practically take people off the street to do certain tasks,
really this is food for thought, that people that don't
know what they're doing will have a nuch higher rate of
contam nation than trained people. So this is a very
i mportant point.

So, in summary, based on what has previously been
published, it appears that iodine tincture disinfection is
preferable; use of trained personnel is inportant.

Qbvi ously, the phl ebotomy site nust be selected with care.
Scarred areas and sites near indwelling |lines harbor nore
bacteria, so those need to be avoided. The phlebotony site

needs to be prepared with care. It's been shown that use
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of friction when prepping the site will disinfect it
better, and, of course, one nust allow the disinfectant to
dry and not touch the site. And certainly if one uses

si ngl e-donor platelets, you statistically reduce the risk
of contam nation because it's one veni puncture versus
mul ti pl e veni puncture, so the rate will be |ower.

Now, switching to a very brief overview of
bacterial growh inhibitory nmethods--and I'mreally just
touchi ng on sonme highlights here. |[|'ve already nentioned
that there's--and Dr. Epstein has nentioned, bacteria
platel et contam nation is |linked to roomtenperature
storage and the time of storage. |If you reduce the storage
time, you'll reduce the problem |It's not that the
bacteria aren't there. They just need tine to grow up to
clinically significant nunbers.

So if you could refrigerate or freeze platelets,
you woul d greatly reduce the problem The problemis that
we' ve al ready | earned from Muirphy's work et al. that cold
tenperature irreversi bly damges platelets, so that's a
problem You' d need a cryoprotectant to protect the
pl atel ets at col der tenperatures. And there has been a | ot
of work on this ongoing to figure out a nethod to preserve
pl atel et function when they're stored either frozen or at 4
degrees. And the work that's nost successful and is

ongoing inthis is work fromLife Cell Corporation in which
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t hey have now sone studies that have already been published
and sonme studies that are in progress show ng that when you
use their proprietary agent called Thronbosol with a | ower
concentration of DVSO and you use that to freeze
platelets, it's a nmuch easier nethod to enploy. You don't
need nechani cal freezing, and you could thaw the platelets
qui ckly. And, furthernore, you don't need to wash out the
agent before transfusion, and you get equival ent or
i mproved post-thaw platelet function. So although this is
really not ready for clinical use at this point, there nmay
be sonmething here to keep fol |l ow ng.

So switching gears to bacterial detection
nmet hods, the challenge here is: Wat is the |evel of
clinically significant or clinically tolerable bacteria
that you want to detect? WII| you allow a |evel of 10 or
10%2 and say | don't care about it, I'Il only detect 10° or
10%? What is that |evel?

Wel |, based on our experience, | believe the
| evel is around 10%-° CFU per nl, because from our
experi ence through the years, we've shown that a | evel of
even that range may be clinically significant. The ideal
nmet hod woul d be rapid, inexpensive, sensitive, specific,
practical, and sinple. That's why | say there may not be
one nethod. Testing should be as close to transfusion as

possi ble to enhance detectability. |If you test too early,
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the bacteria will not have grown up enough to detect them
So you need to test close to transfusion and to rem nd
peopl e you should never do the sanpling froma segnent or a
link that's made at the time the original product is nade.
Statistically there will not be enough bacteria to be
present in these small volunes that are in these to be
positive.

So this next slide summari zes--and |'ve adapted
this froma nice review article that Dr. Brecher's group
wote a few years ago--the different approaches to
bacterial detection. And the one group of approaches
that's being used nost successfully are under the category
that | called "cell growh,"” so culture methods which are
very sensitive and a type of surrogate culture nethod,
percent oxygen in air, which is a nethod that's being
devel oped by Pall Corporation. There are certainly other
nmet hods that |'ve put under cell narker nethods that are
based on antibiotic probes or antibody probes or a very new
met hod that's com ng on the scene based on epifl uorescence
m croscopy, which may be quite sensitive, although maybe
slightly less than cell grow h.

For some reason, the nol ecul ar biologic
approaches haven't been as successful, but that may be a
technol ogi cal issue rather than an inherent problemwth

t hese net hods.
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And this does not include all detection nethods,
but it's just designed to give an idea of order of
magni tude of sensitivity of different nethods. A G am
stain, which we did for many years, is extrenely
insensitive. You need about 10° CFU per nL to detect
bacteria;, whereas, culture nmethods are right down around
10!, 10%? CFU per nlL and right now really are the nost
successful in preventing this problemin institutions that
are using this nethod.

This is a summary of our cases of contam nation
over not quite ten years, clinical outcome, nunber of
i sol ates, the specific bacteria, and CFU per nL because we
were doing quantitative cultures on the bag in all the
i nplicated cases, and, again, these are |argely based on
prospective studies.

The point is the red nunbers here indicate
positive blood cultures. So even nunbers as |ow as 103 in
one case as |low as even 10%, were linked to sone sort of
clinical synptom even if they were only very mld
synptonms. So | think the issue of what |evel you' d |ike
with detection is, as |'ve indicated, ideally around 10%
10%. \Whether that can be achi eved by anything other than
culture would remain to be seen

This just gives a little bit of our experience

with Gamstain. W stopped doing Gamstain in 1999. W
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



only ever interdicted--we did interdict sone cases, so |I'm
not going to knock Gram stain conpletely. But, obviously,
many cases we did not interdict using a G am stain because
it's very insensitive, and really, you're only going to get
rid of the absolute--you know, the bl ood products that are
literally cultures at that tine.

So, shifting gears to bacterial contamnm nation
prevention nmethods, filtration, phlebotony diversion, and,
finally, you' Il hear a |ot nore about the photochem cal
decont am nati on have been exanpl es of prevention nethods.
Early on filtration was shown to be reasonably effective
for Yersinia enterocolitica. But, of course, that's a
problemlargely of red cells, and, of course, now that
uni versal | eukoreduction is sort of the trend of the
future, this problemis |ikely to becone | ess and | ess, and
it certainly is not going to solve the problemwth
platelets. But it has arole, alimted role, especially
with sel ect organisns, and, for exanple, Yersinia.

Regar di ng the diversion technol ogy that Dr.
Epstein nentioned, there have been several articles
publ i shed on this. There have been two clinical type
articles fromEurope. This is an older article that was
publ i shed in Vox Sanguinis that showed that in about 3,500
whol e bl ood units that were collected over four nonths, two

bags, two 15-nlL bags were attached in series--maybe not in
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series, but in sequence. Blood was diverted first to P1
and then to P2. And what they showed was in the Pl bag,
the bl ood that was diverted, the initial diversion was nuch
nore frequently contam nated than the P2 bag, suggesting
that diversion nay be effective in reducing the |evel of
cont am nati on

A very recent study appearing in this nmonth's
i ssue of Vox Sanguinis took 7,000 whol e blood units which
were collected with sonething they call the canposanpl er
attached to the blood collection systemto divert the first
10 mL, and then they tested the sanpling bag by the
BacT/ ALERT foll owi ng collection, and they had about 18, 000
control whol e bl ood cul tures.

Now, their results are provocative and
interesting. They did a one-sided test, statistical
correlation test to ook at the reduction or the incidence
of bacteria in the study versus the control group, and
doi ng the one-sided test, there was kind of margina
statistical significance for overall reduction in bacteria
with the diversion group versus the control group. But,
very interestingly, using just standard, regular
statistics, two-sided, they found that there was a very
significant reduction in coagul ase-negative staph in the
study group versus the control group. So it may be that

t he diversion nethod may be particularly apropos and good
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for prevention of coagul ase-negative staph. So | refer you
to that study.

|"mreally not going to spend tine tal ki ng about
this because this is really what this neeting is about.

But to date, there have been publications on two broad
nmet hods of photochem cal decontam nation. The psoralen
nmet hod of decontam nation, which forns an adduct wth
nucl ei ¢ acid and has been shown to be quite effective,

al t hough not absolutely effective--but you'll heard about
that, I"'msure, later--in elimnating bacteria. There is a
little bit of inconsistency, and the second different

net hod is based on a riboflavin B2, which is an oxidative
process, and it al so has been shown to be sonewhat
effective in reducing bacteria, and I'"'msure we will hear
that data at length so I'mnot going to dwell on that.

So, in summary, bacterial contam nation is an
ongoi ng, recurrent conplication of primarily platelet
transfusion therapy. There is no systematic approach in
the U S. to reduce or elimnate this problemat this tine.
We haven't even defined an approach, |et al one inplenented
an approach. So |I hope what conmes out of this neeting wll
be some approach.

A single ideal preventative strategy--safe,
rapi d, sinple, inexpensive, sensitive, specific, and

practical --has not been developed. |In fact, it's unlikely
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that there will ever be one single such strategy. So we
may be best to | ook at conbined strategies, because there
are nunerous strategies alone, but better together, that
not only will reduce--certainly alone they' Il reduce, but
per haps together they may elimnate the occurrence of this
probl em

And, finally, and very inportantly, prevention
strategies for once may prove cost-enhancing if linked with
a seven-day platel et storage product. And | know we'll be
heari ng nore about that at this neeting, and you can't
ignore costs in this day and age where everyone i s under
the gun always to save, to save noney. And | just thank
t he nmenbers of our group who worked on this through the
years because I"'monly just one of the people that happens
to cone and speak at neetings. But Dr. Jacobs and a crew
of very talented mcrobiologists, Dr. Sepatnekar now at the
Cl evel and Red Cross, Dr. Pal aveci no, our current blood bank
fellow, and Sara Lee and Ann, who are very tal ented
research m crobiol ogy techs, have certainly done nuch of
the work through the years.

| thank you for your attention.

[ Appl ause. ]

DR. VOSTAL: Thank you, Dr. Yontovian.

We have time for one burning question, but

hopefully it will be short. Anybody have a question?
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[ No response. ]

DR. VOSTAL: GCkay. Thank you.

W will now nove into viruses, and this
presentation will be given by Dr. M chael Busch, who's the
Vice President of Research and Scientific Affairs at the
Bl ood Centers of the Pacific, and al so a professor of
| aboratory nedicine at UCSF. Dr. Busch?

DR. BUSCH. Thank you, Dr. Vostal.

First, in terms of conflict, | think I've worked
wth every conpany that both tests and inactivates, but
none of what | say, |I think, will have any relevance to
conflict.

What |'ve been asked to do is to update on
current risks of virus infections fromtransfusions, and
then particularly discuss the issues of the |evels of
virem a in these various infections during the progressive
stages of infection, and then at the end | will address the
issue of the levels of virem a necessary to transmt. So,
again, current risk update.

In terns of |ooking at the patterns of virem a,
|'ve divided up ny presentation into sort of three
cat egories of viruses.

The first, the major transfusion-transmtted

virus is for which routine screening is currently in place,
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and not only serol ogic screening but the advances with
i npl enentation of nucleic acid testing.

Second i s pathogenic viruses that we do not
routinely screen for, and this includes the Herpes viruses
as well as consideration of Parvo B19 in hepatitis A

And then a third category, which is viruses that
actually are fairly preval ent and have been di scovered over
the | ast few years, but that have yet to have an
establ i shed pat hol ogical relationship. But | think that as
we'll look at these viruses, |I'll suggest that these may be
a good nodel for the next energing agent, and they may be a
tool to assess the efficacy of pathogen reduction nethods
in routine clinical practice because these viruses are
being transmtted daily and, as you'll see, can exist in
fairly high titers in donor units.

Finally, at the end I'Il briefly address the
i ssue of the relationship of virema levels to infectivity.

This slide just summarizes the enornous progress
over the last several decades through inplenentation of
bot h enhanced donor selection criteria, but nost inportant,
really each of these dots represents advances attri butable
to inproved screening. And the strategy of addi ng enhanced
tests, as we've discovered viruses and built better tests,
has clearly been successful, but | think one of the

prom ses of pathogen reduction is that it m ght avoid the
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need to add a new test for each specific agent and all ow us
to feel nore confortable not adding new tests as new

pat hogens are di scovered or as issues of residual

transm ssion are docunent ed.

But | think as we'll conme back to this at the
very end and in the discussion, in ny opinion | do not
expect that pathogen reduction nethods will allow us to
di sconti nue any of these assays that are currently in
pl ace.

In ternms of the current risk, the classic way
that we've been estimating risk over the last 10, 15 years
has been using the so-called incidence wi ndow period nodel,
where we quantify the rate of new infections in the donor
pool. In the repeat donors, we assess the rate of
seroconversions. W then estimate incidence overall and by
factori ng an increased rate of seroconversion for first-
time donors. And then by know ng the durations of the
wi ndow peri ods, either the serol ogic wi ndow period or with
the introduction of NAT, the w ndow periods that precede
detection of RNA by either m ni-pool or single-donation
NAT, we can cal cul ate out these risks of donations being
given during the early w ndow peri od.

And as you can see here, we've, again, nade
enor nous progress as we've noved from serologic testing to

the introduction of mni-pool NAT, and could nake slightly
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better--the blood slightly safer by noving to individual-
donation NAT. But, really, we're at sort of the asynptotic
| evel of these risk curves, with risks nowin the range--
with mni-pool NAT, in the range of 1 in 2 mllion for HV
and HCV. At present, we're not perform ng m ni-pool NAT
for HBV, in great part because if the very small
increnmental reduction that could be achi eved over surface
antigen test by mni-pool NAT. W could increase safety
noderately for HBV and really mnimally for H V and HCV by
nmovi ng to individual -donation NAT. And we'll talk through
t he wi ndow period data that really explains this in a few
m nut es.

I n addition, sort of a newer approach beyond the
cl assic incidence wi ndow period nodel for estimating risk
actually involves using the yield of mni-pool NAT as a
tool to estimate risks associated with m ni-pool NAT-
negative units. And this is sinply a strategy that uses
the rate of detecting mni-pool NAT donations on a total-
donation rate. This is actually Red Cross data, so we're
pi cking up m ni-pool NAT-positive units at 1 in 270,000 for
HCV and about 1 in 5 mllion for HV. And by know ng the
relative durations of the w ndow periods, the mni-pool
NAT- posi tive pre-seroconversi on w ndow period, versus the
total pre-mni-pool NAT wi ndow period or the individual -

donati on NAT wi ndow period, we can, in essence, adjust the
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rate of mni-pool NAT yield to estimate the risk of bl ood
or the yield of individual-donation NAT

And |I'm not going to go through this in any
detail, but suffice it to say that these nunbers now based
on mni -pool NAT yield are virtually identical to the rates
fromthe incidence w ndow period nodel. So very
reassuring, | think, that our risk is in the range of 1 in
2 mllion for each of these viruses, and that the yield of
i ndi vi dual -donation NAT will be extrenely |ow, probably
about 1 in 5 mllion, for each virus.

Now, as Roslyn enphasized, what we've done is to
drive the risk of the viruses down to ranges of 1 in a
mllion, and what we're left with is other problens from
transfusions, such as bacteria that are, | think, nuch nore
i nportant today. W also have a nunber of non-infectious
conplications, and so this is a slide from Sunny Dzi k that
| think puts into broader context where our problens |ie.
And | think today in transfusion nedicine really infectious
risks, with the exception of bacteria, are a very snal
contributor to the overall transfusion problem

Moving on now to the issue of virema, for each
of the agents we're sort of working towards understandi ng
t he sequential stages of infection and the |evels of
virem a that exist. And as we | ook at the current viruses

and sonme of the new energing agents, we'll be tal king about
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t hese kinds of stages--in eclipse phase, which is the
period followi ng an infectious exposure, but before one can
detect virus by testing the blood, even with highly
sensitive nucleic acid nethods.

Then during that period of eclipse, we often see
intermttent blips of virema, and this has been terned
recently "pre-ranmp-up virema." |I'll illustrate that.
Then there's this exponential explosion of virema in the
bl ood, sonetines associated with synptons, as in primry
H 'V, but often asynptomatic, as in hepatitis C W term
this "ranp-up virema."

For sone viruses, with, for exanple, HCV, there
may be a prol onged pl ateau phase during which high-titer
virem a exists for nonths before seroconversion. O her
viruses, like HV and HBV, tend to have a peak of virem a
associ ated with seroconversion and then a cl earance of that
high-titer virem a

Oten around the tinme of seroconversion, we'll
see dramatic fluctuating viral |oad, often to negative
val ues, only to be followed by a persistent virema. And
we've terned this "peri-seroconversion virema." And then
with seroconversion, people tend to either becone
persistent carriers, typical of hepatitis Cor HV, and
they' Il establish a viral | oad set point in the context of

a seropositive state, and understanding that viral load is
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obviously inportant for targeting pathogen reduction
nmet hods.

Sone people will resolve the virema, fairly
common in hepatitis B and about 20 percent of HCV-infected
peopl e.

Now, other kinds of odd events have been
docunent ed, what are termed "immuno-silent carriers,”
peopl e who nay have long-termpersistent virema in the
absence of seroconversion. And there's also been
docunent ed exanpl es where peopl e can becone transiently
viremc, clear the virem a, and never seroconvert--in
essence, an abortive infection or a successfully resolved
i nfection perhaps by cell -nedi ate i mmune responses but
wi t hout anti body conversion.

This slide sumari zes the story for HV, and then
"Il show a few exanples. This is kind of the classic
pattern. In a subset of people, probably 10 or 15 percent
of the panels that we've studied, we can detect a blip of
virem a, transiently detected--1"Il illustrate that--about
the tinme of exposure or within days of probable exposure.
Then we have this explosive ranp-up phase, and we can
guantify, as I'll illustrate, when individual -donation or
m ni - pool NAT or T24 antigen woul d detect virem a during
ranp-up. W understand the dynam cs of that ranp-up

virem a quantitatively.
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Peak viremia for HV typically is in the mllion
to 100 mllion range, so very high viral |oads exist
transiently during this acute dissem nation phase. And
then usually the virem a stabilizes down to set points in
the range of 10° to 10° genone equivalent in the setting of
a chronic asynptomatic H 'V carrier

This is just one exanple that illustrates a few
poi nts of a seroconversion panel that we've studied. This
is a panel identified by Al pha Therapeutics and Bi ocli nical
Partners. This person was actually not found to be
seropositive until out here at day 16, with day zero
defined as the first quantifiable RNA | oad sanple. But
these sanples existed in the freezer to allow testing back
and really careful study.

What you see here is about two to three weeks
prior to the early ranp-up virem a, this phenonenon of
intermttent or erratic detection of a blip virem c event.
In this case, you know, one bl eed had one out of ten
replicate high-sensitivity PCRs positive, and then the next
seven out of eight. And then we continue into the eclipse
phase when there's no detectable virema for two or three
weeks, and then very early phase ranp-up, wth, again,
three out of eight reps positive. This is a very sensitive

assay. And then you enter this exponential ranp-up phase,
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this person peaking at about 3 mllion before they
stabilize dowmn. So a fairly typical case of early virema

This is just to illustrate how we can quantify
t he ranp-up phase. This is, | think, sonmething |ike 45
pl asma donor panels where we can quantify the exponenti al
increase in viral load, and you see many of these people
will have peak viremas in the range of 10 mllion or
greater.

We can use that nodel, that regression |ine from
the ranp-up phase, to estimate the viral |oads at which
di fferent assays can detect the virema. And this is
really to enphasize here that in the setting of now mni-
pool NAT, we can fairly confidently say that units should
not be getting through the systemthat are mni-pool NAT-
negati ve that have greater than about a thousand genone
equi val ents or viral copies per nL. And, clearly, if we
noved i ndi vi dual - donati on NAT, that viral |oad would be
reduced to | ess than a hundred.

So in the setting of contenporary screening, the
residual virema that should be present and associated with
transm ssion should consistently be | ess than a thousand
or, potentially with individual donation, at a hundred
copies per nL. So, in a sense, the challenge for residual

cl ean-up by pat hogen reducti on.
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This just illustrates that with progressive
seroconversion, the virema in a popul ati on anal ysi s,
again, tends to stabilize with the average viral load in
the range of 10* to 10° in people who are chronically
seropositive carriers.

Moving on to hepatitis C, simlar early in that
there is a period of eclipse during which we see this
intermttent virema, pre-ranp-up blip virem a, followed by
t he expl osive ranp-up phase. Again, we can precisely
estimate when different markers would detect that early
ranp-up virema. But very different fromHYV, with HCV
there's a prolonged pl ateau phase. It |asts about two
mont hs, and during this period people are asynptonatic.
Most of this phase, the ALT levels are normal. Only in the
| atter stages does the immune response, cellular response
kick in and you get |iver danage.

The viral load during this plateau phase is
enormous. It's in the range of 10° to 10® genones, |
believe, infectious copies per nL. So, really, a high
viral load that, were we not to be doi ng RNA screening,
woul d be, | think an enornous chal |l enge for pathogen
reduction to reproducibly elimnate.

Wth seroconversion, nost people remain chronic
carriers, about 80 percent of people, with highly variable

viral |oads ranging from 100 to 10’ in people who are
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persistently seropositive. Again, nost of these people
asynptomatic. Historically, of course, nbst HCV
transm ssions were occurring fromdonors who were
seropositive chronic carriers.

Just a few specific data slides. This is one of
t hese plasma panels for HCV. This donor was detected by
m ni - pool NAT screening at NG, and out at these tine
points, so this is a nonth or nore before eventua
seroconversion. And, again, by testing the stored plasm
units, we could quantify the viral load during the early
phase of plateau, this person in 10’ to 10® copies per niL.
These two points were contributing to the ranp-up phase
analysis I'll showin a nonent. But this slide is nostly
to illustrate this phenonmenon of the pre-ranp-up viren a.
In this sonmewhat extrene exanple, for about two nonths
prior to ranmp-up we detected erratic virus only in two or
three of the four replicate TMA-this is full input gen
probe TMA assays. So it's this kind of lowlevel virema
that is probably accounting for nost of the rare residua
transm ssions. Even with mni-pool NAT and even with
i ndi vi dual -donation NAT, | think we could only erratically
detect these lowlevel viremc very early phenonenon.

For HCV, again, simlar ranp-up phase. This is
from about 40 or so plasma donor panels that had val ues

during that very brisk early virema. Again, many of these
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



peopl e achieving viral |oads up as high as 10® per nL. And
fromthis kind of analysis, again, we can nodel the
detection of mni-pool or individual-donation NAT

In this exanple, we have the brisk ranp-up, and
then just to illustrate one exanpl e of the plateau phase
lasting in this case 46 days between the initial peak
virem a and anti body conversi on.

This is a summary from Sue Straner fromthe Red
Cross, just to showthe tine fromdetection of donors as
m ni - pool NAT-positive to seroconversion. The yellowis
t he period during which these people are viremc. These
are whol e- bl ood donors picked up by mni-pool NAT at the
Red Cross. Red is when they seroconvert, and you can see
t hat nost of these people seroconvert in the range of 50 to
60 days after initial detection.

But this slide also illustrates two exanpl es at
t he bottom of people who were i muno-silent carriers,
pi cked up by m ni -pool NAT, who renmained m ni-pool NAT-
positive and anti body-negative for well over a year and
well over two to three years. So these are exanpl es of
chronic carriers who never seroconvert.

Again, just to illustrate, this is data from Dave
Thomas. This is injection drug users who acquired HCV
while in followup. Sonme of these people resolved

i nfection and conpl etely RNA-negative over prol onged
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periods. But this is just to illustrate that after
seroconversi on, nost people, 80 percent of people,
stabilize at fairly high viral |oads. The average here is
about 10° copies. So npst seropositive HCV-infected
patients have really pretty renmarkabl e chronic virem a.

One exanple for hepatitis B, this person is,
again, a plasma donor panel who becane infected with HBV.
This is showng DNA | oad and surface antigen |evels prior
to seroconversion and then how this is resol ved down
associated with anti -surface and anti-core. The enphasis
here is that, again, viral loads during this early peak
virem a can be up in the range of a mllion per nL or
greater. So quite a challenge for inactivation.

Data again from Sue just showing in a popul ation
| evel the viral |oad over tine as people devel op surface
antigen positivity, nostly here to enphasize again that in
the | ater stages of primary virema, viral loads in the
range of a mllion or greater per nL are not unusual.

As we' ve enhanced the sensitivity of antigen
assays, the residual units that would be m ssed by antigen
tests have |l ower-level virema, down in the range of
10,000. And as we go into the phase of NAT testing for
HBV, we further reduce that. This is illustrated in a
slide froma study that should be submtted shortly froma

col | aboration of FDA and REDS | ooking at different antigen
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assays and the viral |oads, and then as we get to m ni-poo
or individual-donation NAT, the viral |oads that are stil
all owed to be, you know, rel eased should be reduced well

bel ow 10,000 with contenporary antigen assays. And if we
do i npl enent NAT, we should be able to reduce the viral

| oads in the residual infected units down below 100 to even
10.

Changing gears a little bit, we' ve tal ked about
the three major viruses, tal king about viruses that we do
not routinely screen for, and starting with CW, wth CwW
the frequency of transm ssion by CW seropositive units is
in the range of less than 1 percent. W just conpleted a
study in collaboration with John Roback that | ooked at
1, 000 donor sanples to assess the frequency of detected
virem a. These were tested by several serologic tests and
by two DNA assays that had been validated through a
previous nulti-Ilaboratory study of performance of assays.

Each of these CW, DNA, PCR assays had
sensitivities of about 10 genonme equival ent per 100, 000
PBMCs. So these are very sensitive. In this exanple,
we're targeting CW-infected cells.

In this study, the seropreval ence was about 42,
44 percent. Wien we conpleted the study with coded panels

and retest panels, only two out of 416 seropositive donors,
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or 0.2 percent, were found to be virem c, and none of the
seronegati ve donors were viremc

| mportantly, in these seropositive donors who
were infected, the viral |oads were very, very low, |ess
t han 100 genone equival ent per 250,000 PBMCs. So this is
in the setting of a kind of cross-sectional seropositive
st udy.

In a separate study that we've been doi ng | ooking
at seroconverting donors, and specifically |ooking for
pl asma virema, we conpleted a study that's been submtted
that | ooked at a series of both serial sanples from
seropositive donors but, nost inportantly, focusing on
seroconverting donors for CW. And in this study, the only
setting where we could find plasma virema was in
seroconverters. About 1 percent of these paired bl eeds
from seroconverters had detectable virema. And in
col | aboration with Harvey Alter, we | ooked at seri al
sanples frominfected transfusion recipients who devel oped
CWwW, and we could quantify this period of primary infection
where we could detect CW DNA in the plasma often for two
or three weeks, peaking at fairly low viral |oads, at about
a thousand per nmi, during primary infection.

Now, we don't have a lot--this is plasma virem a,
because there are not a |ot of cell sanples from

seroconverters for CW stored in any repositories. So |
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contacted John Roback, who recently has done studies in the
murine CW nodel |ooking at acute infection, infecting
these animals and then nonitoring the blood, and this is
showi ng copies of CW DNA in the plasma follow ng acute
infection, and very simlar to what we see in hunmans,
there's an early period of plasma virem a, but quite | ow
viral loads, in the range of 100 to 1,000 copies per mi.

In stark contrast, though, they were able to
study the frequency of CM-infected cells, and they're
finding viral |oads as high as 10° to 10’ per nlL during
acute infection. And this is probably the case in humans
based on sone limted human data, that in primary infection
there may be quite high viral |oads of infected cells.

Anot her virus that's gai ned sone attention
recently is Herpes 8, which is the Kaposi's sarcona Vvirus.
However, the studies that we've done, and al so CDC has
recently conpleted sone |large studies in Africa, suggested
this virus, although there are a fair nunber of donors who
are seropositive, the donors are consistently DNA negative
and that there is not transm ssion of this virus by
transfusion. So this is a study that the REDS group has
just conpleted with Phil Pellet from CDC which invol ved
evaluating | think seven different |aboratory assays for
t he preval ence of CW anti body, and these tests detected

CW anti body ranging fromO0.5 percent to 5 percent of the
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donors were said to be seropositive, and a | atent cl ass
nodel anal ysis supported an overall estimted

seropreval ence rate of about 3 percent in the REDS donor
pool . However, all of these sanples were PCR-negative,

and, again, studies from CDC recently have shown in a | arge
study in Africa that there does not appear to be any
transm ssion of HHV-8 by bl ood transfusions.

Parvo B19 is an inportant agent of concern to
bl ood banks these days, a | ot of considerations about the
need to add screening for this by NAT nethods. This is a
non- envel oped virus that seens to be relatively refractory
to inactivation.

This virus tends to--it infects erythroid
progenitors and causes anem a. It can also cause a probl em
i n pregnant wonen and newborn infants. This has epidemc
nat ure.

Now, in terns of the virema pattern, DNAis
detected typically quite rapidly follow ng infection,
within four to eight days, and transiently for about seven
days. IgMantibody is usually associated with resolution
of the virema. However, there have been exanpl es of | ow
| evel persistence of virem a even in the setting of
seroconver si on.

Now, very inmportantly, the virema in acute

infection is enornous, ranging as high as 10" per nL. This
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is an exanple that Sue Stramer shared with nme that shows
one case of a plasnma donor who was detected as viremc
and, again, in this exanple the virenmia peaked at 10 per
nmL, and this person remained actually PCR positive at very
low levels for nonths following that initial peak virem a
So, really, an enornous challenge for inactivation nethods
internms of the viral |oad.

Hepatitis A, classically foodborne hepatitis, but
there are rare transfusion cases. Again, a virus of focus
these days in terns of possibility NAT screening. dassic
dogma suggests that hepatitis Ais cleared very rapidly as
seroconversion occurs, typically to undetectable |evels
within four to six weeks. There's classically no chronic
carrier state, and people who have converted are thought to
be i mMmune for the rest of their |ives.

However, recent work from CDC has suggested that
virem a may be prolonged and may persist in sone people, so
t hey had 13 individual s who acquired HAV whil e under HBV
vacci ne studies, and these people had virem a that preceded
ALT by up to over a nonth. So before one woul d have any
evi dence of hepatitis, they were viremc. And in sone
cases, it lasted about three nonths. And the virem a
| evel s, again, can be quite high, 10° to 10’ per nL during
t he peak, and then staying up in the 1,000 or nore for

peri ods of nonths follow ng conversion.
M LLER REPCRTI NG COVPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



The |l ast group of viruses | want to briefly
di scuss are really viruses that over the last, you know,
five to ten years have been, you know, sort of the focus of
a lot of attention and then sort of put on the back burner
because of the absence of confirmed evidence of clinical
si gni ficance.

However, | think that these viruses do present us
with a potential nodel of efficacy, to study the efficacy
of pat hogen reduction, so | want to briefly summarize their
characteristics.

The first of these is hepatitis Gvirus, or GBY,
di scovered back about early 1990s and, again, thought to be
a potential cause of residual non-A/non-B hepatitis, but
subsequently shown to not be definitively hepatotropic or
associ ated with any known di sease. But, inportantly, the
rate of virema in the donor pool is fairly high. 1In the
range of 1 to 2 percent of U S. volunteer donors are
virem c, and nuch higher |evels, 17 percent, in comercia
pl asma donors, clearly transmtted by bl ood transfusion.
This is a slide fromHarvey Alter |ooking at sone
transfusi on-acquired HGY infections, and the point here is,
again, very high viral loads. This person had a peak
virem a of over 10" per nmL. In this exanple, the person
resol ved the virem a associ ated with seroconversion, but

there are al so a nunber of people who renai n persistent
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carriers, often with viral |loads well in excess of a
mllion per mL.. These people are giving blood every day,
and this virus is transmtted at close to 100 percent
frequency.

The TTV fam |y of viruses, these are al so non-
envel oped viruses, so a problemin terns of potential other
nmet hods for inactivation. These are typically transmtted
both by parenteral and fecal-oral routes. They do seemto
be present in the liver but, again, there's not definitive
proof that these cause any |iver pathol ogy or other
di seases.

Over the past five years or so, it's been shown
that this is actually a very diverse sort of famly of
related viruses that include the nore recently discovered
SENV vari ant.

In terms of prevalence in the donor pool--this is
data from Harvey Alter--7.5 percent of the bl ood donations
inthe NIH | guess, over the last, you know, ten or so
years were positive for TTV DNA. In other studies from
Japan, 50, 60 percent of donors are viremc for TTV. So a
very preval ent virus.

The viral loads in acute infection tend to be a
little lower than with HGVY, around 10* per nL, peak vireni a,

and al though this slide shows sonme associ ati ons between
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t hat peak virem a and ALT el evation, |arger studies have
failed to prove that there' s a causal rel ationship.

Finally, SENV, again, it's a related virus to the
TTV famly. However, this is a virus that there is sone
suggestion may have hepatitis associations. In transfusion
reci pients we see, you know, 30 percent; in drug users, 60
percent. Al of these viruses |'ve just spoken about,
readily transmtted bl ood transfusion.

In the U S. donor setting, the preval ence of
virema is around 3 percent, but in other populations |like
in Japan, up to 30 percent of bl ood donors are viremc
whi ch SENV.

This virus, again, does have an association with
hepatitis. |In Harvey Alter's group, 11 of 12 residual non-
A/ non-B hepatitis cases were positive for SENV virem a
However, Harvey's current conclusion is that this is not
definitive evidence that there's a causal relationship.
There's no question that this virus is readily transmtted
by transfusion. And, again, one exanple of a recipient
fromHarvey's studies that had an early acute virem a, up
over 1 mllion per nlL, associated with sone ALT el evati ons,
and peopl e can becone persistent carriers with this virus
as wel | .

| want to just briefly touch on infectivity

versus virema to nmake the critical points that the |evel
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of virus detected in nost of these studies by nucleic acid
nmet hods i s probably a good reflection of the infectious
titer of virus that needs to be elimnated by a pat hogen
reduction nmethod. And the best data for this is really
com ng fromour recent experience wth breakthrough
i nfections by NAT screening.
For exanple, in this case reported in JAMA a
coupl e years ago, a donor seroconverted to HV in
Si ngapore, and prior donations on | ookback were
denonstrated to transmt the virus. And when we went back
and conpared the ability to detect that infectious
donation, which was in storage, using the newer NAT
nmet hodol ogi es, what we found is that these nmethods were
able to detect the infectious unit with full input assays.
But as one diluted the sanples out, mrroring the mni-poo
screeni ng context, these donations began to score negative.
So this suggested--this was prior to w despread
i mpl enmentati on of mni-pool NAT. This suggested that mni -
pool NAT would m ss sonme infectious units and that
infectivity was present when very |low viral |oads existed.
This is data fromthe San Antoni o transm ssion
case this last year where we simlarly had plasna avail abl e
fromthe inplicated transmtting donation, and we were able
to do the two licensed--the two comrercialized NAT net hods

and show again that undiluted these nethods coul d detect
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them But as we diluted the sanple out to the m ni-pool
sizes, erratic detection of the infection. So, again,
clearly showng that H'V is transm ssi bl e when very, very
low viral |oad is present.

This has al so been shown with hepatitis C. This
was a case reported in Lancet a few years ago from Ger many
where a donation given eight weeks prior to C
seroconversi on was associated with transm ssion of HCV by
the platelet but not the red cell concentrate, sort of
illustrating that the volunme of plasma in the unit is
anot her variable that determ nes the total input of virus
and, therefore, the infectivity.

In this study, they were unable to detect the
virem a present in that clearly inplicated donation, and
their conclusion was that they had transm ssion froma NAT-
negati ve unit, enphasizing the point that even single-unit
NAT may not prevent all transm ssions.

We actually acquired that sanple and tested it
and were able to show that we could detect very |ow | evel
virema, but only erratically. So this is very simlar to
the kind of blip virema that we tal ked about earlier.

So these studies, | think, show that w ndow
phase, antibody-negative units can transmt even when very

|l ow virus is present.
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Now, what about people who seroconverted? A |ot
of peopl e have argued that once people seroconvert, there's
neutralizing antibody, there's defective virus, so
transm ssion should be, you know, suppressed by these
phenonenon. But, actually, if you | ook at the data on real
human transfusion transm ssion relative to viral | oad,
there's strong evidence that very |low level virem a
transmts even in the setting of seropositive individuals.
This was a study we did fromthe TSS cohort where we | ooked
at transm ssion from seropositive donations and correl at ed
the virus load in the unit and the duration of 4-degree
storage of the unit with transm ssion.

You probably can't see it very well, but there's
really only a small percentage--over 90 percent of HV
seropositive units transmt. The only units that did not
transmt are out here where they were stored for prol onged
periods. |If the sanple wasn't in the fridge for nore than
a coupl e weeks, there was essentially a 100-percent
transm ssion, irrespective of viral loads. And we're
seeing transm ssions even with units that had | ess than 100
genones per nL in the setting of the seropositive person

And we have simlar data for hepatitis C fromthe
TTVS where we're seeing transm ssions from seropositive
donations, even if the virem a can only be detected by ful

i nput TMA anal ysis, 100-percent transm ssion, even with
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extrenmely very lowviral |oad. So, essentially, if virema
is detectable, transm ssion is occurring at close to 100-
percent rate.

So, finally, just a summary slide to point out
that, as we focus on these agents and we try to understand
the virema that is the challenge for pathogen reduction,
for the major viruses where we're doing mni-pool NAT, the
viral |oads should be quite low, the challenge is |ow But
were we to not be doing mni-pool NAT, considering dropping
NAT, were we to go to pathogen reduction, the viral
chal  enge woul d be quite high. The w ndow periods have
viruses in concentrations of 10° to 10® per milliliter. In
chronic infection, there's still very high virema, so
consi deration of dropping antibody testing or NAT testing |
think would result in a very high challenge virema for the
pat hogen reducti on net hods.

For the cell -associ ated virus, again, w ndow
period virema, infected cells can be quite high, typically
very low |l evel virema in the setting of antibody
conversion; and, of course, |eukoreduction for these
viruses should reduce the virema to |ow | evels, although
there's clear evidence that residual infectivity exists
even in | eukoreduced products.

For these two viruses, hep A/Bl19, the virema is

enormous, 10% to 10'? during the window period, and there is
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i ncreasi ng evidence that sonme people can beconme chronic
carriers after seroconversion with [owlevel virema

And then, finally, these sort of sentinel agents
that | think serve as opportunity to further evaluate the
ef fi cacy of pathogen reduction. They're being transfused
routinely today. These established chronic infections with
viremia in the 10* to 10° range. So | think these viruses
are an opportunity to really evaluate in clinical context
the effectiveness of pathogen reduction.

Thank you.

[ Appl ause. ]

DR. VOSTAL: Thank you, Dr. Busch.

In the interest of tinme, we'll nove on to the
next talk, and you will have a chance to ask Dr. Busch when
he heads up the viral inactivation discussion panel |ater
on this norning.

The next speaker is Dr. Leiby, and Dr. Leiby's a
senior investigator at the Holland Lab at the Anmerican Red
Cross, and he will cover the parasites and ot her pathogens
that can be found in blood and transmtted by bl ood
t ransf usi on.

DR LEIBY: 1'd like to thank the organi zers for
having nme cone here and talk to you about sonething
slightly different, and that is, parasites and ot her

pat hogens that are al so transm ssi ble by bl ood transfusion.
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Now, we've already heard from Ros and M ke about
the bacteria and the viruses, and we're going to venture
into an area that's a little nore gray, an area in which
there's not as much information; and as far as pathogen
i nactivation and reduction, there's been relatively few
studi es, and those are the parasites and ot her pathogens.

VWhat | would like to do is give you an overvi ew
of those agents which we know are transmtted by bl ood
transfusion, the relative | evels of transm ssion cases
whi ch we do see, and then sone of the issues that, as one
begins to devel op techni ques for pathogen reduction, we
have to take into consideration with these agents because
they are in many ways different than what we see with
viruses and bacteri a.

Broadly, the agents I'mgoing to tal k about are
t he protozoa, the Rickettsia--which, in fact, are bacteri a,
but I think they fall better into a parasite
classification--and, lastly, an agent of sonething that we
m ght see in the future, | have included TSEs, now because
we know they're transmtted by bl ood transfusi on but
because pathogen inactivation as a whole has a prom se of
bei ng able to address agents for which we don't know about
yet or which we mght see in the future.

|"d like to propose as we get into these agents,

t hese parasites and others, that we, in fact, are raising
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the bar. In this sense, it's becomng nore difficult as we
address these agents to actually reduce themin bl ood and
bl ood products.

First of all, they are phylogenetically much nore
conpl ex. They are carryouts as opposed to the agents we've
been tal ki ng about so far this norning. |In essence, these
cells are nore conplex. Their outer cell surfaces in sone
cases are nore conplex, so they may in sone instances be
nore difficult to kill or reduce.

They al so in many cases have very privil eged
intracellular niches. This is not to say that we don't
find bacteria and viruses intracellularly, but sone of
t hese niches are rather unique, inside phagosones, inside
phagol ysosones. And so these may present problenms which we
don't see with the other agents.

Many of these agents can fall under the
classification of being enmergent, so we know very little
about them W don't have tests available to tell us how
often they are transmtted. W don't have nodels, aninal
nodel s or other culture nodels, that allows us to neasure
how wel | the inactivation techniques are working. So as a
group, then, these becone a little bit nore difficult to
work with.

Lastly, and perhaps nost inportantly, is the

consi deration of experinental nobdels, because as we neasure
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T2A

i nactivation, not only do we need the agents to put into

t he bl ood products to test the inactivation strategies or
reduction strategies, but we also have to have ways of
measuring how well these strategies actually work. In the
case of these, we don't have the sinple culture nmethods we
have for bacteria or viruses. W nmay have to go to actua
animal nodels. W may have to go to unique culture systens
in order to get the things that we need.

In fact, as a whole, we need specific life-cycle
stages, and as these organisns' parasitic life cycles
sonetines are very conpl ex, we need specific stages that
may only be obtained fromone source. As | said, the
reduction and viability neasurenents are not so
straightforward. W can't sinply play it out on a culture
plate to see if the bacteria grow, and we have to find a
systemthat allows us to tell not only are the organi sns
there but, nore inportantly, are they still viable.

And, lastly, we get into cellular survival and
integrity, and this is a question that I'"msure will cone
up later with any of these techni ques, what kind of damage
do we see with the cells that are left after the reduction
t echni ques.

The agents 1'd like to focus on today are the
ones that | believe are the nost inportant. The first one

"1l talk about is Trypanosoma cruzi, which is the
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etiologic agent of Chagas' disease. Next |I'll talk about

t he broader group of Plasnodium which causes nal ari a.
W'll talk alittle bit about Babesia mcroti, which is
closely related to Plasnodi um which causes babesi osi s.
Then we'll surely venture into the Rickettsia, which

i ncludes Ehrlichia and the recently renaned Anapl asng,

whi ch causes ehrlichiosis. Then lastly, as | said, not an

agent that is known to transmt by bl ood transfusion, but

we'll tal k about new variant CID.

The first one I'll talk about is Trypanosoma
cruzi, and 1'll do the sane thing virtually for all these
agents. 1'll provide a little bit of background, then sone

information on the seropreval ence or transfusion
transm ssion and sonme of the problens which we nay be
facing wth pathogen reduction.

This is actually the agent of Chagas' disease,
and as you can see here, it's a flagellated protozoan which
is found extracellular. Unlike Ros and M ke, | can show
you nice pretty pictures of these agents.

It causes, nost inportantly, a chronic,
asynptomatic, and untreatable infection, and it's actually
those first two things that make it nobst inportant as an
agent transmtted by blood transfusion. The donors are, in
fact, asynptomatic, have no know edge of the infection.

They're also chronically infected. They're probably
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infected as children when they lived in an endem c country
of Latin Anerica. And for the rest of their lives, they
are then capable of transmtting the infection during bl ood
donation. As | said, it's endemc to portions of Mexico,
Central Anerica, and South Aneri ca.

Now, there's four primary routes of transm ssion.
First of all is vectorial, which is actually the insect or
the natural way in which it's transmtted. |It's
transmtted when the feces of the bug, which contains the
infective stage, is rubbed into a bite wound or sone ot her
nmucosal surface.

It can also be transmtted congenitally, which is
fromnother to the unborn infant. Mst recently, it's been
reported--and this has been known in other places, but
there is a case reported in MMR in March of this year of
transm ssion of Chagas' di sease by organ transplant, in
whi ch a single organ donor transmtted the infection to
three organ recipients, at |east one of which died from
Chagas' di sease.

Lastly, of course, the topic we're concerned
about is blood transfusion.

Now, as far as T. cruzi transm ssion by
transfusion, if one | ooks at seropreval ence, in sone at-
ri sk populations the level is as high as 1 in 5,400 donors.

In fact, Ira Shul man had a study in Los Angeles in which he
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put that l[evel at about 1 in 550 donors. So it depends on
whi ch popul ati on you want to | ook at.

Nationwi de, it's probably about 1 in 25,000
donors in the U S are, in fact, infected wwth T. cruzi
And this nunber will vary dependi ng on the nunmber of at-
risk donors in a given area, but I'd like to stress that
there are no areas in this country where you would not find
at-risk donors. The nunbers just may vary.

In a study we've done at the Red Cross, we found
that of these seropositive donors, 63 percent of them are,
in fact, parasitem c, so they actually have parasites in
their bl ood, and we know that we are transfusing these
parasites to donors.

We've only seen those six transfusion cases as a
whole in the U S. and Canada. Certainly blood transfusion
cases occur throughout Latin Anerica, so this is nothing
novel . The nunbers seem | ow here. |In these cases, they
all invol ved i munoconprom sed reci pi ents who got ful mnant
Chagas' disease. So what | always |like to propose is that
these six positive individuals in these six transfusion
cases certainly served as sentinels, and they were the nost
obvi ous cases; whereas, nost of themare either
m sdi agnosed, in many cases there have been underesti mates

of true transfusion transm ssi on.
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Now, if one wants to | ook at pathogen reduction
for this agent, what are the issues which one needs to
consider? Well, first of all, unlike what M ke just talked
about, the high levels of virem a--and M ke proposed t hat
as an issue when you're trying to deal with inactivation.
" mgoing to propose just the opposite. Wth T. cruzi
there is intermtted to | ow | evel infections. Sonetines
you'll be able to neasure parasitema in the bl ood.
Sonetinmes there are no parasites present. And, in fact,
when parasites are present, they're present in extrenely
| ow nunbers, maybe |less than ten in a unit of blood. So
when you're designing a technique that's designed to
el imnate such a | ow nunber of organisns, it gets to be
difficult in your experinental nodels to not only neasure
that but also to reduce those parasites that may be there.

One advantage with this agent as opposed to the
rest of the ones I'll show you, it's actually
extracellular, so it's pretty easy to get at. It's found
both in platelets and red cells. They' re both capabl e of
transmtting the infection. But when one gets into node
systenms of T. cruzi, things get alittle bit nore
conpl i cat ed.

First of all, it requires netacyclic
trypomasti gotes--those are the infective stage of

trypomasti gotes--in order to really mmc what goes on in
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the bl ood bag. Those type of trypomasti gotes can only be
obt ai ned t hrough ani mal nodels or actually through
sophi sticated culture techni ques.

And then in the back end, the nmeasurenments of
i nactivation require two things, either culture or animal
nodel s, and there we nust distinguish between what, in
fact, are parasites that are present--one could easily
measure by PCR, but that does not give you any neasure of
true viability. So one nmust consider the viability or the
i nfect ed--whether or not these organisnms that you see are,
in fact, infective.

Shifting to a slightly different agent, we'll
tal k about Babesia mcroti, which is the agent of human
babesi osis, at least in the United States. It's an
intracel lul ar pathogen of red cells, and you can see sone
of the parasites in these red cells. [It's a tick-borne
zoonosi s, transmitted by Ixodid ticks, nore commonly called
t he bl ack-1egged or deer ticks. These are the sane ticks
that transmt not only Lyne disease but also vialichia (?),
which I'll show you in a mnute.

As far as babesiosis in this country, there is
| ocal and regional distributions, primarily in New Engl and,
t he upper M dwest, and then there's sonme agents that are
simlar in nature, which I'lIl show you, fromthe West

Coast .
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When we get into Babesia and the rest of these
agents, they all have what one describes as flu- or
mal ari a-1i ke synptons, so they're very nondescript and
difficult to identify individuals who are infected.

I nfections generally as asynptomatic and self -
[imting, so unlike Chagas' disease, which is chronic and
untreatable, in fact, babesiosis is quite readily treatable
with antibiotics. The problem though, is that in people
who are either elderly, imunoconprom sed, or asplenic, the
di sease can be rather severe or even, in fact, fatal.

Now, when one tal ks about transfusion
transm ssion of this agent, the seropreval ence in studies
that are published to date are sonewhere about between 1
percent to 4.3 percent in donors. So it's not unconmon.
Most seropositive donors are, in fact, also parasitemc, so
we can neasure the parasite in the red blood cells. And
this parasitem a varies anywhere froma rather short period
of a couple of nonths to greater than one year. And this
suggests the possibility that, in fact, we may see chronic
carriers or donors who have this infection for |ong periods
of tinme and appear asynptonmatic.

Now, unli ke Chagas' disease, there's been quite a
few transfusion cases, 40 to 50 transfusion cases in the
US wthinthe last 10 years. And we hear reports of

transfusion cases alnost nonthly, so this is one that is
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becom ng nore and nore promnent. In fact, this would
certainly be an underesti mate because nost transfusion
cases, again, are not recognized, particularly when you

consi der you have flu- and malaria-like synptons. And they

do cause sone fatalities, so this is not a benign illness.
Wel |, what about the issues with Babesia? How
are they different? Well, first of all, it's an

intracel lular agent, so we have to get the--whatever
reduction nethod we use has to be able to get inside the
cells. The other one is that there are simlar energent
agents, so-called WA-1, CA-1, and MO 1. These are Babesi a-
i ke agents which are found primarily on the West Coast,
transmtted by a different tick. There's been at |east two
transfusion-transmtted cases of WA-1, but genetically
these agents are sonewhat different than Babesia mcroti.
So the met hodol ogy used to reduce these agents nmay be
slightly different and will have to be consi dered.

These agents can be found, as you know, obviously
inred cells, but due to red cell contam nation, platelets
have al so been inplicated in transfusion studies that have
transmtted the agents.

Now, when one speaks of nobdel systens, we need,
first of all, required--it requires infected human red

cells. One could use aninmal nobdels, in which we used
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hanster infected cells, but in a nodel systemthose would
not be the priority, | think.

The neasurenents of inactivation get a little
nore conplicated because there, in fact, are no culture
systens available for this parasite. And it's |ong been
t hought kind of Holy Grail. People have | ooked for culture
systens, and at |east for the human Babesia, these do not
exist. So the bottomline, the nmeasurenent for
i nactivation would have to be in sone type of animal node
to see if these organisns are, in fact, really reduced or
i nacti vat ed.

Now, the close cousin of Babesia mcroti are the
Pl asnodi um the agents that cause malaria. These are also
intracel |l ul ar pathogens of red cells but also liver cells.
But since we don't transfuse liver cells, we won't worry
about those.

It's nosquito-borne, primarily by Anopheli ne
nmosqui toes, and primarily limted to the tropics, so it's
not sonmething we face actively here in the United States.
It causes flu-like synptons, which often have a
periodicity, neaning that the synptons will cone and change
every two or three days or four days, depending on which
agent it is. So it varies by infecting species.

These are the two problens which we encounter in

transfusion transmssion in malaria. Al though our current
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strategi es of using questions about travel and where people
have cone fromwork quite well, it's when we get into the
asynptonmatic carriers or nore |likely the people who are
sem -i mune and actually have |low | evel s of infection that
we actually see transni ssion cases.

The ot her conplexity with the nalaria is one
desi gns techni ques or pathogen reduction, and this is
actually the list of the four human mal arias: P.
fal ciparum P. vivax, P. nalariae, and P. ovale. It's the
rather conplex life-cycle stages they have whi ch m ght
require different techniques or different constituents to
renove them or reduce them anywhere fromthese small ring
stages to tropozooites to ganetocytes. And all these
organi sns go through these simlar conplex life cycles.
And as you can see, they're all intracellular as well.

Wel |, what about transfusion transmi ssion? In
the U S., seropreval ence i s unknown because it really is
not actively transmtted, so it would be very difficult to
get any neasure of what the actual seropreval ence is.
Cenerally, in the US., there's about one or two
transfusi on cases per year, very low levels, and primarily,
as | said before, these involves asynptonmatic or seni -

i mmune donors.
Now, as far as issues that surround the

devel opnent of tests for Plasnodium these agents, again,
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are intracellular in red blood cells, as shown here.
There's a variety of species and stages which would have to
be considered. The nodel systens, again, would require

i nfected human red cells, and then, again, the nethods of

i nactivation, the nmeasurenents, would have to apply
probably in culture systens or perhaps even ani mal nodels.

Now, a group of agents perhaps you know | ess
about than the others ones |'ve just nentioned are the
Ehrlichia or the Anaplasma. These are the agents of human
ehrlichiosis causing human nonocytic ehrlichiosis and hunman
granul ocytic ehrlichiosis. There's actually even a newer
form Ehrlichia areini (?), that also is found anbng human
| eukocyt es.

By and | arge, these are all newly energent
agents, appeared in the 1990s. You can see sone pictures
of them here inside, sone granul ocytes, and actually the
arrows are pointing at the parasites thenselves, the snall -
-actually, which they are--they formwhat are things called
norul ae, which is a Latin termreferring to the
raspberry/ grape-li ke structure.

Again, these are tick-borne Rickettsia
transnmitted by the sane one that transmts Babesia and Lyne
di sease. It's intracellular, as |I said, in |eukocytes.

And once again, we have the sanme nondescript flu-, malaria-

i ke synptonms. And anong patients who are infected, 10 to
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20 percent have nore serious conplications. |In fact,
certain nunbers of themal so die as well.

When one tal ks about transfusion transm ssion and
when one tal ks about seropreval ence, there are very limted
studies, virtually none published, but we think sonewhere--
in the recent one we have in press, the |evels are anywhere
fromabout 0.5 to 3.5 percent of blood donors in
Connecticut and Wsconsin. There is one presunptive case
of HCGE transmi ssion reported at AABB a few years ago, and
inthis case, the red cell units were inplicated, thereby
once agai n suggesting that it contained | eukocytes that
were infected.

The problemwi th this agent, primarily because
it's so new and energent, is that it's underrecogni zed and
al so m sdi agnosed.

Wel |, what about the issues, again, as far as
devel opi ng techni ques for reduction? Well, first of all
the first issue, again, is that it's intracellular, but in
this case, there may be sonme advantage, in fact, that
uni versal | eukoreduction may, in fact, renove nost of these
infected cells.

As | said, it's newy energent. In this case, it
virtually lacks any test. W have no way of know ng how
many donors are infected, how nany are positive, and so

forth. So there's a |ot of issues that need to be worked
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on in order to get a better handl e about how big a threat
this agent actually is.

There are several nodel systens. There are very
good systens that allow ones to infect human | eukocytes in
culture, which works quite well, and that, as | get into
measurenments of inactivation, allows one to do it in cel
culture. The point was that you need infected human
| eukocytes in order to do the experinents.

The last one I'll include--and this falls into,
guess, the category of the other as far as ny tal k of
parasites and others, and | throw this out not as an agent.
| said before that actually we know to be transmtted by
transfusi on, but one which needs to be thought about, as
wel | as other agents that are newy energed, and al so the
prom se itself of pathogen reduction to address those
agents that we don't know about yet or we will see in the
future, and this includes, as | said, transm ssible
spongi f or m encephal opat hi es, whi ch we know i ncl udes new
vari ant Creutzfel dt-Jakob disease. It's a prion protein,
so | can't show you any neat pictures. |It's an abnorna
isoformof a cellular glycoprotein, thought to be
transmitted at least initially through contam nated beef.
That's how it got into humans, or at l|least we think. It
i nvariably causes a fatal brain disease, the incubation

period in years, and untreatable. There, again, anytine
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you get any of these agents that are incubated for years,
we get into problenms with our nodel systens for neasuring

i nactivation or reduction.

Well, a lot of these things are easy to answer
this time. |If one tal ks about new variant CID and we talk
about seropreval ence, well, we really don't know, and as

far as bl ood transfusion, we have no evidence that it's
transmtted by transfusion.

But the issues that one would have to address if
one wanted to | ook at this agent are conplex. As | said,
it's newy energed, and the need for nodel systens, while
there's a lack of tests and, as | already nentioned, very
| ong incubation periods, it nmakes it difficult to | ook at
t hese agents.

So just to sunmarize parasites and ot her
pat hogens in this topic, they are indeed nore conpl ex
organi sns, and they require nore conpl ex nodel systens.
And the fact that they're newy energed nmakes the ability
to find these systens or devel op these systens slightly
nore difficult.

Wel |, what about pathogen reduction itself and
al so the toxicity one may encounter? First of all, when
you have an agent |i ke sone of these in which they have
very low levels infection, it may be nore difficult to

el imnate them because we may have to increase the anount
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of whatever reduction technique or inactivation agent we
use in order to actually see that they' ve been renoved. So
| propose that perhaps in sone of these agents that only
have one or two per mlliliter--or a hundred milliliters,
rather, it may be nore difficult to neasure their

i nactivation as opposed to the viruses which mght refer to
t hat have hundreds of thousands or mllions.

What about the cell viability? As we get rid of
t hese agents which are found intracellularly, we may, in
fact, also harmthe cells. So those, |'msure, are topics
we' || hear nore about today.

And, lastly, what about di m nishing returns?
raise this issue that in sonme of these nore rare event
cases in which we see maybe only a couple of cases of
mal aria per year or several cases of babesia per year,
per haps pat hogen inactivation may be an overkill as a
technique to limting these agents where sone of the nore
tried and true systens we al ready have may be the easier
route and, in fact, the nore cost-effective route. So |
suggested that we may be treating many just to reduce a few
cases.

Thank you.

[ Appl ause. ]

DR. VOSTAL: Thank you, Dr. Lei by.
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M racul ously, we've managed to get back on tine.
Are there any questions for Dr. Leiby?

[ No response. ]

DR. VOSTAL: If not, we'll nove on to the | ast
talk in this session, and this will be presented by Dr.
Richard D anond. Dr. Dianond has just recently joined the
Center for Biologics, and he's now the Assistant to the
Deputy Director for Medicine, Dr. Jesse Goodman
Fortunately for us, Dr. D anond has a 30-year history in
academ c nedicine as an infectious di sease specialist, nost

recently comng fromthe University of Boston School of

Medi ci ne.

Dr. Di anond?

DR DIAMOND: It's a pleasure to have the
opportunity to speak to you. | was asked to focus on

bacterial infections, perhaps because there's a broad range
of topics to address, and there's a need to keep things
simple in terns of time. And there are critical areas to
address in relation to bacterial infections that haven't
been yet. And what I'd like to focus on in particular are
what happens and what's the significance of organi sns that
are transfused and what about bacterial products; and as
the prototype bacterial product, we'll try to address

endotoxin in particular as the nost clearly studied
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bacterial product which is known to have significant
consequences in the human circul ation.

You' ve al ready heard that there have been a
vari ety of studies of what happens when you add bacteria to
vari ous bl ood conponents. Wth red cells that are stored
at 0 degrees--and a variety of different groups have added
anywhere fromone per nL to 100 per nlL bacteria and seen
how long it takes for inocula to grow, and really m nim
inocula in that range of Yersinia enterocolitica,
Ent er obact er aggl onerans, or Pseudonobnas species, reach | og
phase growt h and high |l evels of endotoxin,
| i popol ysaccharide by two to three weeks, with a generation
time, even though it's slowed down, of anywhere from15 to
22 hours.

Ot her organisns that we woul d consi der |ess
pat hogeni ¢ can al so grow at these tenperatures, even though
we don't usually call them-consider themto be mgjor risks
for growng in solutions at |ow tenperatures, but they
certainly can. And, presunmably, within this tinme period
patients would receive significant inocula if they were
transfused. Platelets, of course, being stored at room
tenperature, mninmal inocula very quickly give you | og
phase growth, in |less than one day in nost of the studies
t hat have been | ooked at, with stationary phase growh with

numbers above five times 10 per nmL, often about 10'° per ni
M LLER REPORTI NG COMPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



inunits that are four to five days--after four to five
days of storage.

Less pat hogenic bacteria that we don't associate
wi th human infections as nmuch but certainly have caused
themin recipients of contam nated bl ood, |ike
Pr opi oni bact eri um acnes, which is one of those organisns
that can enter as a skin contaminant, nmay take a little bit
| onger to grow and have a sl ower doubling tinme when one
artificially inoculates theminto platel et sanples, but
certainly can reach very high nunbers by four to five days
and have caused significant infections.

So how often does contam nated bl ood cause
bacterem a? Well, if you look at the data--and this is
froma really broad series of collected nunbers in the
literature--it's hard to cone out with defined concl usion,
but you can make sonme sense out of this. And | think the
i nportant nessage is that if one | ooks at the estimates of
clinical bacterema that occur fromeither red bl ood cel
contam nation or platelet contam nation, it is only a smnal
fraction of the--the rates of clinical bacterema are
really only a small fraction of the nunbers of contam nated
units that are transfused.

I n other words, even though these are high-risk
patients, particularly those who are receiving platel ets,

they don't get infected nost of the tine when they receive
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



contam nated bl ood. Sone of them are receiving
antibiotics, but not all of themare in that category at
the time of transfusion.

Even in high-risk patients, infusion of
cont am nated bl ood then usually has apparent effects. It's
estimted, for exanple, after--the infection rate after
recei ving contam nated peripheral blood stemcell infusions
is about 13.7 percent. Now, nost of those patients are
receiving anti biotics. Those nunbers are col ored,
obvi ously, but the bottom|ine nmessage is that infusion of
cont am nat ed bl ood doesn't necessarily cause clinically
apparent infection.

| f one | ooks at various rates of transm ssion of
transfusi on-rel ated bacterema and fatalities, it's hard to
|l ook at the nultiple different series individually. This
is fromone series from CDC which | sel ected, not because
it's necessarily better than any of the other ones in the
literature, but because it's fromthe nost recent tine
period, and one can at |east say that these patients
presunmably receive state-of-the-art treatnent or closer to
it than sone of the older studies. And one can see that
the rates in that series of transm ssion of single-donor
pl atel ets, pool platelets, and red blood cell units, and

the fatality rate in terns of percentages.
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So, again, it depends on the series, and it
depends on who is and how the counting is done, but
certainly not all contam nated transfusions lead to
fatalities. So what variables affect clinical outconme?
Qobvi ously, the infecting organi sms nakes a difference.

There's an enornous difference in strain and
speci es virul ence. However, conmon skin contam nants such
as Bacillus species, Propionibacteriumacnes, and so on can
cause significant infections, and not only in those who we
woul d think would be ultra-susceptible to infection, in
ot her words, pancytopenia patients. The concentration and
the rate of the bacterial infusion obviously nakes a
difference, and a variety of host factors, not all of which
are very well defined, clearly neutropenia and i mmune
status, but also a variety of other factors that have to do
with cellular inmune status, pre-existing antibodies to
organi sms or organi smproducts in question, and receptors.

It's known from nouse studies that there is
significant genetic variation in receptors for Gam
negati ve organi sns. The endotoxin receptor, the CDl4
famly of receptors, in ternms of responses, is linked to
toll-l1ike receptors which seemto be responsible for
transduci ng the signals to endotoxin exposure. And as this
is being studies, it's very clear that at |east different

nmouse strains have definable genetic variations in these
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receptors which can definitely determ ne outcone of
infection, related receptors in the toll 2 fam |y have been
shown to be linked with survivability of staphyl ococca
sepsis. It's certainly highly likely that anal ogous
genetic variation in humans nmight well be linked to sone of
t he expl anations for why seem ngly normal people have very
di fferent outconmes to bacterem as, sonething that we who
struggled with patients in clinical settings have been
pondering over for a very long tine.

Now, also there's the issue of general clinical
stability of patients, and that's where it makes it very
difficult to interpret the very different series and
different listings of fatality rates fromthe small series
of recipients of contam nated bl ood that have been
publ i shed. These can have major factors in both responses
to a load of bacteria as well as to a |oad of bacteri al
products |i ke endotoxin because the pre-existing status of
the patients, the ongoing interactive factors are of major
significance, and then therapy obviously makes a
difference. During the transfusion, antibiotics can have a
multiplicity of effects. First of all, antibiotics can
rai se the level of endotoxin |iberated frombacteria 3- to
30-fold, depending on which series that one | ooks at. And
this can be denonstrated in vitro and in vivo nodel

systens. And, in addition, certain antibiotics bind
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endotoxin as well as binding and increasing cl earance of
organi sms. Pol ynyxi n has been used in vitro and in vivo to
denonstrate for clearing endotoxin, and antibiotics that
are in common use, sonme of the am noglycosides |ike
gent anmyci n, although they're not as potent binders of
endot oxi n as pol ynyxins, certainly are capabl e of binding
endotoxin. And a variety of anti-inflammtories can have
maj or effects on the cytokine responses that determ ne the
effects and the outconme of bacterial and endotoxin
exposure. And then howtinely is recognition and specific
treat ment ?

From an anal ogous | esson of follow ng
i mmunoconpron sed patients for years, the old saw was,
wel |, you better start treating these patients immedi ately
when they get a fever and cover themw th broad spectrum
anti - G am negative coverage because these infections are
rapidly fatal in neutropenic patients. And G ampositive
i nfections cause significant norbidity and sonme fatalities,
but not as rapidly.

I f you take that as a | esson, the I esson here is
there are mpjor differences in host susceptibility, but
al so the lesson in recent years is if we |ook at that group
of patients, they all are treated so pronptly with broad
spectrum Gram negati ve coverage that it's hard to find a

series where the survival of G amnegative bacterema is
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| ess than 90 percent in those patients, so it's hard to do
meani ngf ul conpari sons of agents or reginens.

So host factors do play a major role, and, in
fact, if one |ooks at all these series, what conmes out is,
if you get contam nated red cells, your nmajor risk of post-
transfusi on bacterem a correlates wi th pancytopeni a and
i mrunosuppressi ve therapies. Surprise, surprise, that
doesn't tell you anything you didn't know or anything
that's terribly hel pful.

There is a presuned relationship to inpairnment of
bacterial clearance nechani snms which is responsible for
this difference. And these patients are--one conmonly sees
that clinically significant infections can be initiated by
| ess virulent bacteria and | ower bacterial inocula. These
have been shown in experinental nodels and to a | esser
extent and nore indirectly but with some conpelling
evidence in clinical and epidem ol ogi c studies.

In transpl ant recipients, for instance,
synptomatic bacteria occurred in one out of 1,700 pool ed
random donor platelet unit infusions that were transfused,
and that's one out of 350 transfusions in these patients.
When one looks at it in that context, this is happening
pretty often in susceptible groups of patients.

But, really, is there a definable threshold

i nfectious dose? The short answer is, well, you can't
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really tell in an individual patient. Infectious doses and
attack rates are hard to determine in clinical and

epi dem ol ogi cal studies. You don't exactly know what went

in. There aren't good neasures of inocula. W don't tend

to measure themin advance.

Most bacterem a-associ ated contam nated pl atel et
i nfusi ons probably contain between 10° and 10'° bacteri al
per nL. O course, if sonebody has an i medi ate reacti on,
whi ch they mght very well to a nassively contam nated
unit, they don't get the whole unit. And nost of the
reports don't characterize exactly what they got, so it's
very difficult to tell even if you knew what was in the bag
at the tinme of the infusion, and there's precious little
information that characterizes things that nuch.

You don't know what the real dose was that was
given to the patient, and, clearly, many patients get
infected by units that are |ess contani nated than that.
And, in fact, as you've already heard this norning and was
intimated, it's nmuch harder to tell when that happens,
because the paradi gm has been that contam nated bl ood and
measur enment of transfusion reactions are limted to
i medi ate reactions. And we know from human studi es and
fromani mal nodels that inoculation intravenously with
cont am nated sol utions of any kind, not just blood, the

effects may be del ayed and del ayed significantly in ani na
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



nodel s, the | ower the inoculumone gives, and dependi ng on
the host factors that are present.

So bacterem a after continued IV infusion we know
can occur with 100 to 500 nmilliliter infusions with 10°--
bet ween 10° and 10 bacteria per nL in maybe 10 to 30
per cent of non-immunosuppressed patients based on series of
not bl ood contam nated infusions but contam nated
i ntravenous sol utions where it's been possible to at |east
come up with alittle bit of an idea of the range of
contam nation wthin the sol ution.

But even then the information that you'd want to
know in detail what the true inocula were and what the
exposures were and what the rate of infusions were are not
avai lable clinically and epidemologically for you to nake
hard and fast concl usi ons about that.

But what does cone out of this is that the
nortality rates, considering the anmount of bacteria
i nfused, are not all that high. Now, they're higher than
anybody would |ike to see, but considering the human
experimentation of infusion of intravenous bacteria, these
patients--nost of these patients survive.

Lower numnbers of bacteria certainly can cause
bacterem a in i munosuppressed patients, and probably--and,
again, very difficult to judge and extrapolate fromthe

epi dem ol ogi cal data that are avail able, but from sone
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anecdotal series, 10 to 100 nL infusions intravenously
probabl y containi ng anywhere from 10° to 10° bacteria per niL
have initiated bacterem a, but not invariably.

| f one | ooks at then sonething that we woul d hope
woul d be nore definable, what are the reactions to
endot oxi n, |ipopol ysaccharide? This has been well defined
i n non-human primates, and there are some very nice nodel s
there. |If one |ooks at septic shock, E. coli septic shock
nodel s i n Rhesus nonkeys, you can see the |evels of
i nfusion, 375 to 500 m crogram per kil ogram per hour for
ei ght hours, or in baboons, one and a half mlligranms per
kil ogram over ten minutes. The mninum | ethal dose seens
to be on the order of three to six tinmes 10° endotoxin units
intravenously, and that will kill about 15 to 30 percent.

E. coli sepsis, non-fatal sepsis with 5 to 40
times 10® colony-forming units over two hours, four tines
10*° is lethal to baboons uniformly. But humans are maybe
100 times nore sensitive to |ipopolysaccharide than any of
these primate nodels, so they're of Iimted value in
judging what will happen when we infuse endotoxin or
bacteri a.

So what are the responses to endotoxin in hunmans?
The m ni num dose, in the range of 0.1 to 0.5 nanograns per
kil ogram that will cause fever has been defined. That's

0.1 to 0.5 endotoxin units.
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If one infuses 2 to 4 nanograns per KkilogramlYV,
whi ch were the standard doses for normal vol unteer studies
i n humans--and these are healthy, normal vol unteers--one
gets levels within 15 mnutes to an hour that peak between
16 to 240 picograns per nL. These are all healthy
vol unteers, and they actually precede the peak effects.

Si gns and synptons that devel op are fever, chills, nausea,
myal gi a, headache, |eukocytosis, and hypotension. They're
somewhat del ayed in onset after infusion, and that's
presunmably because they are related to the physi ol ogi cal
responses that have to do first with primary rel ease of TNF
al pha and then with a whol e slew of other cytokines and
medi ators, and there's also activation of the clotting and
fibrinolysis system although in these normal vol unteers,
this does not proceed to clinically evident BIC. So there
are ways of controlling these processes.

And t hen when one gets up to 20 nanograns per niL
or 100 endotoxin units, you get into a range of serious
toxicity. This is sort of a guess from-again, from
epi dem ol ogi ¢ data because this isn't the kind of study
that is approved for general human studies use.

So what about endotoxem a? First of all, it's
not al ways detectable in septic shock. About 30 to 50
percent of septic shock patients where endotoxin | evels are

measur ed have detectable endotoxin, and usually it's on the
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order of 400 picograns per nL or above if present. But
conti nuous exposure differs froma bolus dose, and the
bol us doses that we see in volunteers aren't the sane kind
of exposure--it may be simlar to what happens if you kil
off all the bacteria in a blood unit, and then infuse it
with the endotoxin that's left behind. But it's not going
to be anal ogous to a situation of ongoi ng sepsis where the
conpl ex nmechani snms i nvol vi ng endot oxi n cl earance bal anced
wi th ongoing effects on the i mune and infl ammatory
responses are going to change the output of cytokines and
the cytokine profile and inflammtory nedi ator profiles
drastically, not to nention the conplexities of inter-
current factors in unstable patients where endotoxi n may
have very unpredictable interactions wi th other ongoing
processes that affect the inflammtory and i mmune
mechani sns.

And high levels can occur w thout bacterem a, for
instance, in ARDS patients, pancreatitis, cirrhosis,
mai nt enance henodi al ysis, and, interestingly enough, in one
study ultra-marathon running. Wat's interesting there is
t hey neasured--sonme runners had over a thousand pi cograns
per mL after running 81 kilometers. |'mnot sure--1 was
dunb enough to run about ten marathons years ago, but |
couldn't even conceive of doing that. But all they felt

was sone nausea and vom ting, which I think you have a
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right to feel after 81K, associated wth this |evel of
endotoxin. So depending on the circunstances, it's very
hard to predict what effect a given |level of endotoxin is
going to have in an individual patient by itself, and that
ot her factors presumably have major effects on nodul ating
what responses you're going to see. It just makes it hard
to predict what a given neasurenent or |evel neans.

So levels correlate very inconsistently with
out conme, and conpl ex dynami c factors determ ne what the
levels are. So if you | ook at one case, for exanple, of an
out break of 11 cases that were reviewed by CDC of Yersinia
enterocolitica sepsis after contam nated red cel
transfusions, the nortality was 45 percent. Endotoxin
| evel s were tested in 5 out of the 11 patients. The nedi an
was 11, 645 nanograns per nL. That's a few | ogs hi gher than
the last slide we were tal king about in the levels for
what's conmonly described in sepsis with a range of 3,500
to over 17,000 nanograns per nL and nbst were receiving
antibiotics, which, as you recall, can increase 3 to 20
times or nore the endotoxin levels in the circul ation.
What effect that has is unclear

And at | east sone patients, in this case the
majority, 6 out of 11, can survive wth enornous
circulating endotoxin levels. That's about the only thing

| can make out of this.
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So we've got exanpl es of bacterem a--even though
nost cases of contam nated bl ood products that lead to
bacterem a seemto be relatable to skin contam nation, sone
have been docunented as related to episodes of occult
bacteremia in donors. And, in fact, | remenber as a
clinical associate making rounds in the clinical center in
the early 1970s an outbreak on the chil dhood | eukem a
service of four cases of Sal nonella chol eraesuis
bacterem a. The only common feature these peopl e had,

t hese kids had, was they had received platelet units from

t he sane donor, and traced back to the donor, and the donor
had an occult Staph--excuse nme, Sal nonella osteonyelitis,
whi ch presumably led to intermttent bacteremia in very | ow
| evel s that one would have to go to sone extrenmes in those
anci ent days 30 years ago to detect.

So platelets are particularly vul nerabl e because
of the storage tenperatures, but al so because so nmany
organi sns are adherent to platelets and can adhere very
readily. In fact, | spent the |last few years of ny
| aboratory research career |ooking at sone of the
antimcrobial effects of platelets and sone of the
interaction of platelets with a variety of different
organisnms. It's striking how adherent platelets are and
how readily platelets could actually concentrate organi sns

as one concentrated pl atel ets.
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And many organi sms can cause prol onged bacterem a
Wi t hout concomitant synptons. W' ve heard about sone of
them | mght nention Bartonella, Borrelia, Brucella,
we' ve heard about Ehrlichia, Treponema pallidum
Ri ckettsia. There's currently a | ow preval ence of these
organi sns in donors, we think, but our |essons about
energing infections in recent years are that things can
change. And what that tells us, | think, is that we need
to set up epidem ol ogi c screening nmethods and be ready to
change what ever paradi gns we have for risk nanagenent when
we are trying to elimnate pathogens fromblood. 1It's not
going to be possible ever to elimnate all risk of
everything, and the relative risks for any given group of
pathogens is likely to change over tine, and we'll need
epidem ologic data to be able to respond pronptly to how
this is taking place.

Agai n, many organi sns adhere to platelets and red
cells, and sone are invasive. These are red cells that
have been invaded by Bartonella. You can see--actually,
the slide doesn't conme across that well, but there's sone
stainable material inside the red cells that represent
Bartonella. This is a chronic infection that has been
recently recogni zed as being nore conmon than we had
t hought in the past and where people can have asynptomatic

bacterem as that go on for nonths.
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We haven't had a case of transfusion-transmtted
syphilis since 1969. Syphilis is very |ow preval ence in
t he popul ation, and there are screening tests for people
for this infection.

On the other hand, there are other agents that
are nore common and may becone nore common yet, and we've
heard of a nunber of exanples this norning where there
could be rising areas of concern and where there's
i nportant needs for epidemologic data so that risks can be
accurately estinated.

Even with infections due to agents that invade
and reside in | eukocytes, depletion of |eukocytes from
bl ood doesn't preclude transm ssion by transfusion. This
i s human granul ocytic Ehrlichiosis infecting a | eukocyte.
It's been shown with Ehrlichia and a nunber of other
organi sns that reside intracellularly in |eukocytes that
one can, even after depletion of |eukocytes, denonstrate
organi snms in supernate, and that these organi snms m ght well
be transmitted by transfusions that were | eukocyte-
depleted. So that by itself m ght not be sufficient.

So when one consi ders the pat hogeni ¢ mechani sns
that allow cellular adherence, that allow for cellular
penetration, and the various |ocalizations and the

tremendous diversity of pathogens, it is an enornous
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chal l enge to begin to pick and choose how to decontam nate
transfused bl ood conmponents.

It is also critical to keep in mnd that
endot oxi n has some i nportant |essons and that it is not the
only bacterial product that has clinically consequentia
responses and provokes clinically consequential responses
whi ch may be potentially life-threatening in susceptible
patients.

What this nmeans is that any mechani sns that are
used for decontam nation presumably will rel ease bacteri al
products. It is essential to know what clinical effects
t hese rel eased bacterial products will have, and it is
naive to think that nere elimnation of detectable |ive
agents, no matter how effective, will necessarily make
transfusi on of blood products safe. The consideration of
the rel ease of products of the organisnms and the effects
that they'Il have clinically is a critical conponent that
has to be addressed.

So what can we say? |Is there a safe |evel of
bacterial challenge? It depends. Bacterial species and
strain virul ence obviously nmake a difference. The host
i mune status and clinical stability makes a difference.
Host genetic factors, treatnent. The short answer is for

nost patients probably, but we can't predict for sure which
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ones or how nmuch any given individual will be able to clear
wi t hout any adverse consequences.

|s there a safe dose of endotoxin? In a defined
bol us dose in volunteers, yes, there is. That's normal
heal t hy peopl e who get a bolus of endotoxin. During
ongoi ng sepsis, with ongoing rel ease and unpredictable
cl earance of endotoxin, expect the unpredictable. Qutcones
probably depend on the duration of endotoxin exposure and
the nature of interaction with other factors because
endotoxin can alter a host of physiol ogical and
pat hol ogi cal processes in cells and tissues as well as
responses to drugs, nediators, cytokines, and other
stinmuli. And even safe doses for healthy volunteers nmay
har m unst abl e i nmunoconproni sed patients.

So since | haven't offered you anything hel pful,
|'"d be glad to answer any questi ons.

[ Appl ause. ]

PARTI Cl PANT: | have a comment and a question.
The conment is that the |ipopol ysaccharides fromdifferent
Gram negati ve organi sns have different structures and may
have different effects, and we and ot hers have done studies
to show that in human, if you use LPS from Brucella abortus
and conpare it to LPS fromE. coli, for exanple, the LPS

from Brucella abortus has a two- to three-1og | ower potency

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



than the LPS fromE. coli. So | think all G am negative
organisns and all the LPSs are not equal.

The question | have--well, | have a question to
follow that. The question | have is related to your
comment, which | think is very inportant, that Gam
positive organi sns and G am negative organi snms, when you
i nactivate and you may still have cell wall conponents that
may be very active, and there's been a | ot of recent
literature about how even Grampositive cell wall
conponents can activate toll-like receptors and stinmul ate
TNF rel ease.

DR. DIAMOND: Absolutely, and there's a limted
anount of tinme to discuss all these things, but certainly
there are--just as there are strain differences between
bacteria of the sanme species, the variations in endotoxin
structure actually that have relation to biological effects
have been reasonably well characterized on a nol ecul ar
basis. And certainly there are enornous differences in
endot oxi ns between different species, and in peptidoglycans
and ot her bacterial products between different species.

The point is not about any specific one, but I
think nore in a generic sense that all of these conpounds
are going to be there. There are too many that m ght be of
consequence, and what we desperately need are some sort of

bi ol ogi cal correlates that we can begin to use as an index
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for what we may be doi ng when we're maki ng any changes in
organi sns, and then infusing what we have |eft.

DR. VOSTAL: Thank you, Dr. D anond, for tackling
that difficult subject, and al so thank you for pointing out
anot her reason why not to sign up for those ultra-
mar at hons.

We're now up against a break, so if we could take
a short break and cone back at 10:45, we'll get started on
t he other sessions.

[ Recess. |

DR. VOSTAL: Okay. Now we're going to nove into
our next session, and this session will cover the nethods
of decontam nation or of pathogen reduction. Qur first
speaker will be Dr. Steve Wagner, who's the director of
cell therapy and bl ood cell therapy devel opnent at the
American Red Cross, Holland Labs. And Dr. Wagner has
actually been hel ping us in planning and carrying out this
wor kshop, so we really appreciate his input. So please
wel conme Dr. Wagner

DR. WAGNER: Thank you very nmuch. |'myvery
grateful to be able to help plan this workshop and also to
participate in it, and ny task today is to give a genera
overvi ew on net hodol ogi es for pathogen reduction. 1In
addition, what I'd like to do is talk about a few points

that | think mght be inportant in trying to analyze sone
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of the potential benefits and risks that are involved in
t hese net hods.

We've heard fromdifferent speakers sone of the
rationales for inactivation. They are to elimnate or to
reduce the residual infectivity in blood from pathogens.
We all know what the danger of pool ed products are where
i nfections m ght be dissenm nated to nany individuals, and
certainly inactivation techniques mght help in that
regard. Inactivation techniques also mght provide an
additional |ayer of safety on top of testing and ot her
t hi ngs that we m ght do.

There are sone agents, as Dr. Busch and David
Lei by have indicated, that we currently have no test for,
and so pathogen inactivation m ght provi de sone additiona
safety in those situations. W haven't tal ked very much
about--and | certainly won't talk nmuch about the fact that
sone agents nutate and there are different varieties, and
certainly this has been the case with HV. And there have
been sone--there are differences in terns of the
serol ogi cal characteristics of different strains of HCV.
And so variant agents which may not be anenable to current
tests m ght be another category of agents that m ght be--
where safety m ght be inproved with inactivation

techni ques. And peopl e have tal ked about new agents, and,
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of course, there's public and political expectations of a
zero-risk bl ood supply.

Wth all that said, pathogen inactivation is not
necessarily a sinple problemto solve. There are inherent
chal | enges. Pat hogens may appear in different
conpartnents. Many of the pathogens have different
structures. Dr. Leiby tal ked about that. And, in
particular, in the virus famlies, there are sone non-
envel oped viruses whose capsid proteins are so tightly
interdigitated that it's very hard for small nolecules to
perneate the capsid, and, in particular, the
pi cor navi ruses, of which hepatitis Ais in that famly, the
capsid proteins are so tightly interdigitated that even a
cesium nol ecul e is unable to get inside the capsid. And so
you m ght expect that these types of agents would be very
difficult to inactivate.

The processing that occurs wth pathogen
i nactivation may reduce cellular yields. 1If you have to
nmove bl ood from one container to another that m ght have
different renoval devices or other things, there are going
to be sone cells left behind. And so we shouldn't expect
to have 100 percent of the cells that we started with after
t he i nactivation technique.

In addition, nost of these agents work by

targeting nucleic acids, but |ike nost things inlife,
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nothing is perfect, and there are unwanted side reactions
fromthe treatnents. And these side reactions may lead to
| oss of cellular function or |oss of recovery or survival.
And so there's going to be sonme price to pay in terns of
both cellular yields and the effects of these side
reactions on the product, and that's going to have to be
wei ghed agai nst what increases in safety you m ght expect
from pat hogen inactivation.

In addition, there are sonme other types of things
that really need to be considered that cannot be dealt wth
intraditional clinical trials because they' re | ow
frequency events. Any pathogen reduction technique really
wi |l probably require the neasurenent of |ow frequency
adverse events, and the reason for that is that the current
safety of the blood supply is pretty safe in terns of
fatalities frominfectious disease transm ssion. And you
obvi ously want to have a process for pathogen inactivation
t hat woul d not introduce nore adverse events than the
events that you're trying to prevent. And so as a result,
w t hout inplenentation and long-term study, it nay be
difficult to predict the risk to blood bank workers, for
exanpl e, to genotoxic agents or to recipients by accidental
exposure or by residual drug. Wthout inplenentation and
surveillance, it may be difficult to assess the risk of

allergic or hypersensitivity reactions or, indeed,
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anaphyl actic reactions in susceptible recipients caused by
al kylations to proteins or by drug netabolites. And sone
of the pathogen inactivation agents are al kylating agents,
and sone al kyl ati ng agents have been used obviously in
chenot herapy, and | just draw your attention to this
article that has to do wth the hypersensitivity reactions
t hat peopl e have seen to cancer chenot herapeutic agents.
Cbvi ously, you don't want these reactions to be greater
than the infectious disease risks that we're trying to
prevent.

Wt hout inplenentation and | ong-term
surveillance, it may be inpossible to determne if the risk
of fatal outconmes froman inactivation process is greater
than the current risks of fatalities frominfectious
di sease transm ssion.

And so what's the risk of fatalities from
i nfectious di sease transm ssion as we know it now?
Probably the nost frequent fatality, as defined by the
BaCon study, is about 1 in 450,000 units of blood. And so
if you're going to do pathogen inactivation, you don't want
soneone to have an anaphyl actic reaction nore than 1 in
450,000 times. And so that's obviously going to require
quite a lot of surveillance in order to assure that we're

not actually making the probl em worse.
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There's a nunber of approaches that have been
taken to inactivation |I'msure you' ve all heard. For
pl atelets, there are the psoralens, S-59 and ribofl avin.
For red cells, there's a FRALE conpound, S-303, and
I nactine, which is a PEN110. And in plasna, people have
| ooked at sol vent detergent, nethylene blue, and S-59.
won't be tal king about plasma in ny tal k today.

This is the structure of S$59. It's a plainer
conpound that's capable of interpolation in between the
bases of nucleic acid. [It's got a positively charge am ne
group that gives the nolecule quite a ot of solubility.
And its nmechani smof inactivation is by intercalation, as |
sai d, between the bases of doubl e-stranded regi ons of RNA
or DNA, and upon absorption of UVA |ight, psoral ens can
make nono- or diadducts with pyrim dine bases in nucleic
acids. The diadducts can forma cross-link between nucleic
acid strands, and it prevents subsequent nucleic acid
replication fromthe pathogen

The steps for S-59 pathogen reduction involve
col l ecting an apheresis unit that's suspended in a pl atel et
additive solution, addition of the S59 to platelets,
transfer of the platelets into a UVA perneable plastic
container, then illumnation with red |ight and transfer of
S-59 phototreated platelets to a container that has an

absorbing resin to renove S-59, free S-59 in sone
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phot oproducts, and transfer of the phototreated platelets
with the reduced free S-59 | evels to another storage
container. So there's a lot of transfers and a | ot of
opportunities for leaving cells behind in different
containers. So one shouldn't expect to start out--to end
up with 100 percent of the platelets that you started out
with.

S-59 and WA has been denonstrated to work and
i nactivate a wi de range of envel oped extracel |l ular viruses.
It inactivates intracellular viruses. There are sonme non-
envel oped viruses that have been shown to be inactivated.
In general, these are non-envel oped viruses that have
capsids that allow the perneation of the drug to the target
DNA. As far as | know, there's been no denonstration
agai nst hepatitis A or parvovirus.

Sone parasites have been shown to be inactivated,
and both Grampositive and Gramnegative bacteria have been
shown to be inactivated. But the technique is probably not
ef fective against spores. [It's acknow edged that spores
W Il probably germnate in a rich nedia. However, it's not
clear that every spore that's in a bag wll germ nate
before the inactivation process occurs. So they m ght be
carried forward. |In addition, probably the technique is

not effective agai nst endot oxin.
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But nucleic acid is not necessarily the only
target of psoralens. There's quite a lot of literature
i ndi cating that psoralens can produce reactive oxygen
species. These include singlet oxygen and superoxi de.
These oxi dative species can diffuse and tend to oxidize
menbranes and that's been observed after psoral en
phototreatment. And psoral ens, of course, are used for the
treatnment of psoriasis, and there's been observations of
skin erythema caused by psoralen treatnent, and this
erythema fromthe skin photosensitization can be inhibited
by reactive oxygen scavengers. And so psoralens not only
react with nucleic acid. They also act as photosensitizers
and can produce reactive oxygen species. Reactive oxygen
species, many tinmes the target are cellul ar nmenbranes.

Here's sone data that's been published in Vox
Sang where the investigators were | ooking at S 59 treatnent
and were using electron mcroscopy to neasure pl atel et
lysis. And by day five, there's a significant increase of
lysis froma control value of 5.5 percent to 14.4 percent
lysis that are neasured in platelets that were treated with
S-59 and UVA Iight and where the S 59 had been renoved by a
compound absor pti on devi ce.

This result was obtai ned even though the platel et

count as neasured was totally unchanged, and so there is
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sone effect on platelets, and it nmay be due to sone of
t hese oxidative processes that | tal ked about .

In addition, a well-known target for psoral ens
i ncl udes unsaturated lipids as well. Mich of this work has
been done with eight (?) , but UVA light and psoral ens
can form adducts with unsaturated fatty acids at the side
of the double bond. |In addition, not only fatty acids this
reaction occurs but also true lipids. So a renoval device
to renove the psoralens will not necessarily renove the
material that's bound to |lipid, and that's going to be
transfused to a recipient.

In addition, although nore rarely, there has been
evi dence that psoralen can react and produce al kylations to
proteins. There's a receptor that's been identified on
HeLa cells that has been shown to be al kylated with
psoralen. And that receptor reacts at a tyrosine residue
to produce a photoconjugate. And so in addition to |ipids,
proteins may be al kylated. There is sone concern in
protein al kylations that you m ght nake a hapten situation
wWith a potential inmmunol ogical response to the hapten. And
so the biological --and sonetines those responses are not
seen very often. It may be a very rare event. And so you
really have to have very good surveillance if you' re going
to i npl enent processes where proteins mght be nodified to

make sure that the safety is such that the intervention
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that you're doing is not worse than the problemyou're
trying to prevent.

We'll switch over to riboflavin now, which is,
again, atricyclic system a plainer systemw th a sugar
nmoiety. It's a natural protein, and it can be a
phot osensi ti zer under certain circunstances. Riboflavinis
known to bind to DNA by intercalation. It can produce
guani ne oxidation. It produces 8-hydroxy-guanosine. It
al so has been associated with light, with the formation of
single-strand breaks in nucleic acid and the formation,
interestingly, of covalent adducts. And riboflavin can be
activated by not only UVA light, but light in the blue
region as well. A couple references indicated there.

Extracel | ul ar envel oped viruses can be
i nactivated by riboflavin as well as intracellular viruses.
There's sonme non-envel oped viruses that have been shown to
be inactivated but, again, because of the size of the
nol ecul e, one m ght not expect sonme of the picornaviruses
or perhaps even parvoviruses to be inactivated.

Ri boflavin and |ight treatnment is probably not
effective agai nst bacterial spores, again, because of
perneability issues, and it's probably not effective
agai nst endotoxin as wel|l.

Reactive oxygen species, as unfortunately | know

so wel |, can cause nenbrane danage to cells. Most of this
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has been seen in red cell systens. And so there's a couple
observations in the literature where riboflavin and |i ght
causes red cell damage, typically nmeasured as henol ysis.
And so the issue is what's the potential for damage to the
conmponent that we're interested in looking at, in this case
pl atel ets, and that we await nore information

Ri bofl avin al so can cause sone protein
al kyl ations. Ri boflavin can react, photoreact with
trypt ophane residue in human albumins. |In addition, the
investigators were able to take these al bum ns with adducts
and use themas a hapten to raise antibodies, and these
anti bodi es were found to react against eye |ens proteins.
And, interestingly enough, the eye |l ens proteins of ol der
animals reacted nore strongly to these anti bodi es than
younger animals, and the investigators also | ooked at the
reactivity of people who had | enses fromcataracts, and
they found the strongest staining of the antibodies to | ens
proteins fromcataracts. And so there may be uni ntended or
unknown i mmunol ogi cal consequences of transfusing cells or
proteins that have al kyl ati ons of small nol ecul es.

The nol ecul e S-303 is being considered for
i nactivation processes in red cells. It's structurally
very simlar to a well -known and wel | -characterized
nol ecul e qui nacrine nmustard. Both are tricyclic conpounds

made of acridine noiety, so three-ring fused structure.
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Connected to the structure is a alkyl chain, which is a
linker region in this conmpound which they call FRALE, which
stands for frangi bl e anchor |inker effector. So this is
the anchor here. It brings it to the nucleic acid for
intercalation. This is the linker here which connects the
anchor with an effector, and in this case, the effector is
a nitrogen nustard.

The nol ecul e qui nacrine nmustard is well
characterized; it's genotoxic; it's a clastogen. And S-303
has a structure that has many simlarities, with the
exception of this ester bond in the mddle of the nolecule,
and we'll talk about that in the next slide.

The nechani sm of inactivation by the FRALE
conpounds is that the anchor or the acridine noiety of
FRALE conpounds i ntercal ates between the bases of doubl e-
stranded regions of DNA and RNA. And the nitrogen nustard
noi ety or the effector of the FRALE nakes adducts with
nucleic acid bases. Diotics can form and they forma
cross-link between nucleic acid strands that prevent
subsequent nucleic acid replication of the pathogens, and
that the ester noiety, which I showed in the previous
slide, in the anchor--in the frangible linker region, it
hydrol yzes and forns a negatively charged acri di ne conpound

that should not further interact with nucleic acid. And,
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in addition, the negatively charged acridi ne conpound can
be renoved by a resin as well.

S- 303 can inactivate envel oped extracel |l ul ar
viruses and intracellular viruses. It can inactivate sone
non- envel oped viruses, but, again, it's unlikely that it
will be able to deal wi th picornaviruses or perhaps
parvoviruses. It can inactivate a wide range of bacteri a,
but, again, it's probably not effective against spores and
probably not effective agai nst endot oxin.

Acridine nitrogen nustards can al kyl ate proteins.
There's a | arge body of literature that shows that
ni trogen--that quinacrine nmustard can form an al kyl ati on
with the acetylcholine receptor and that it affects the
activity of the acetylcholine receptor. 1In addition, it's
possi bl e to nmake anti bodi es agai nst conjugates of
qgui nacri ne nustard and the acetyl choline receptor or
agai nst a conjugate with serum al bum n.

This is data that | took froma patent from one
of the conpanies, and the main thing that I want to showis
that a FRALE conpound, in this case it's called PIC-1, can
form-can react with proteins on the red cell surface, and
that those proteins can be visualized by doing flow
cytonetry using antibodies that are fluorescent against
acridine. And so here's a control where there's hardly any

fl uorescence, and you can see the increase in fluorescence.
M LLER REPCRTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



And what the investigators found is that if they
i ncl ude the conpound glutathione with the reaction, it
could prevent the reaction of the protein with the red cel
surface. And so in the presence, for exanple, of two
mllinolar glutathione, there's a great reduction in the
fl uorescence of detection of this reaction to the red cel
surface.

So it's possible to perhaps distinguish between
nucl eic acid and al kyl ati on of surface nenbrane proteins by
the addition of glutathione. But what if you do add
gl ut at hi one? What does that nean?

Well, if you're adding glutathione, if exogenally
added gl utat hione reacts with FRALE conpounds and acts as
an extracel lul ar quencher, and if FRALE conpounds can
pernmeate cells and inactivate intracellular virus, can
FRALE conmpounds perneate red cells and deplete their
intracel lular glutathione pool? And if indeed that's true,
woul d those red cells be susceptible to subsequent
oxi dative danage in a patient who m ght be given an
oxi dati ve drug?

This is a cartoon structure of the conpound that

sonme investigators called Inactine. It conprises a

coval ent nodi fying group connected to a cationic tail. The
cationic tail is supposed to confer DNA binding to nucleic
acid. It supposedly stabilizes the nolecule, and this
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whol e nolecule is very small in conparison to sone of the
ot her ones that |I've shown you.

If you go to the patent literature, you can
actually find sone exanples of these Inactines. Here's
one, PEN102. This is not the one that's being used for red
cell decontam nation efforts. They're using PEN110. But
basically there's a zero DNA ring that is--and there's a
tail with two sites of positively charged species separated
by a coupl e carbon atons.

Ethylenimne is well known fromtoxicol ogi cal
literature. 1It's genotoxic, and it's considered a
cl ast ogeni ¢ agent.

| nacti ne forns adducts with guanosine at the N7
position, and this causes a stop signal for replication of
pol ynerases for the pathogens. And so that's the nmechani sm
of inactivation.

In addition, there are repair enzynes that can
recogni ze this al kylation, can cause a | oss of a base,
causing an abasic site which can result in strand breakage.

This is a DNA sequencing reaction where this is a
control situation of undamaged tenplate. And here's a
situation where the tenplate has been treated with
| nactine, and you can see that in the primer extension that
there are stops that correspond primarily with C residues,

and those C residues, of course, in the prinmer correspond
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to the tenplate at the G resi due show ng the stoppage of
t he pol ynerase when it tries to run past the G

The net hodol ogy for Inactine or PEN110 is to
start with a conventional red cell concentrate and add
| nactine, followed by an incubation to allow the reaction
to occur to inactivate pathogens and foll owed by renoval
and in this case renoval is acconplished by extensive
washi ng.

| nactine can inactivate envel oped viruses and
intracellular viruses. This conpound, because of its snal
nol ecul ar wei ght, inactivates a w der range of non-
envel oped viruses. For exanple, they've denonstrated
i nactivation of an animal parvovirus, which is difficult to
inactivate. | believe--I haven't seen data on inactivation
of agents fromthe picornavirus famly. | haven't seen
data showi ng inactivation of HAV. There's sone evidence of
i nactivation of sone parasites and bacteria, and |I' m not
sure about the activity against spores. And, clearly, if
there's going to be extensive washing, that nmay help with
respect to endotoxin | evels where endotoxin m ght be in the
supernatant but there may al so be endotoxin that's stuck on
cells that's transfused.

Et hyl eni m ne can al so al kyl ate proteins. There's
evidence in the literature that ethylenimne can form

coval ent bonds in |ysozyne. There's also an interesting
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study where sone investigators were | ooking at inactivation
of a mnute virus of mce, which is a parvovirus, and they
found that ethylenimne had sl ower kinetics of inactivation
for the mnute virus of mce than another virus, which they
were looking at (?) forest fires. And as it turns out,
in |l ooking at the nmechanismof this slowy inactivated
virus by ethyleninmne, they noticed that the proteins--the
viral proteins, when run on a gel, had altered, slower
mobility. In addition, they had different isoelectric
focusing points. And, in addition, when they did studies
with the ethylenimne, the virus was not able to enter
cells, all of which seemto suggest that proteins rather
than nucleic acid mght be affected, at |least in the case
of this one virus that was | ess sensitive and took nore
treatnment to inactivate.

In addition, there's evidence of ethylenimne
reacting with cysteinyl residues in reduced proteins. It's
used actually as an assay for analysis. And so the
guestion is if cysteine and reduced proteins can react with
ethylenimne, is it possible that sone of the other agents
that are used for pathogen reduction m ght react at
gl ut at hi one, whi ch has cystei nes?

So, in conclusion, it's kind of look all roads
lead to Rome. All nethods target nucleic acids. Methods

can reduce the infectious titer of extracellul ar and
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intracel lular envel oped viruses, and with the exception of
one conpound, the activities against non-envel oped viruses
are less well characterized. Methods can reduce the count
of a nunber of bacteria and some parasites. [|nplenentation
and surveillance nmay be required to assess | ow frequency
ri sks. Low frequency risk assessnent is essential for
establishing that fatalities fromthe pathogen reduction
process are less than the current fatalities from
i nfectious disease transm ssion, and non-nucl eic acid, what
| call side reactions, may be inportant to understandi ng
sone recipient reactions as well as to explain |oss of
cellular function, recovery, or survival.

Thank you very nuch.

[ Appl ause. ]

DR. VOSTAL: Thank you, Dr. WAgner.

Any brief questions?

[ No response.]

DR. VOSTAL: kay. Thank you

| have a brief nmessage fromthe nanagenment. N H
has a strict policy of not allowing food or drink in this
auditorium and | hope since we're just guests over here,
you'll be able to conply with that request.

W will now nove into an area that is of
particular interest to the FDA, and that is, how do we

eval uate the efficacy of these pathogen reduction nethods?
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And we're going to have a couple talks to survey the
current nethods of efficacy evaluations that we have at
CBER and al so what is done in Europe.

The first one will be with Dr. Mahnood Farshid,
who is a viral inactivation specialist in the D vision of
Hemat ol ogy at CBER

DR. FARSHI D: Thank you. M talk basically wll
focus on how we evaluate the viral validation studies
because the previous talk nore or |ess covered nost of the
met hodol ogi es that | was going to tal k about.

Bi ol ogi cs, or some prefer to call them
bi opharnaceuticals, which require viral validation studies
basically fall loosely in three different categories.
These are cell line-derived products which include
nmonocl onal anti bodi es and reconbi nant products produced in
cell culture. These products basically are produced from
wel | -established and extensively tested starting material,
and they have an excellent viral safety record.

The ani nal -derived products, these include, for
exanpl e, anti-Ilynphocyte produced in rabbits or anti-venom
such as anti-snake or anti-scorpion, and al so include sone
of the products produced in transgenic aninmals such as
transgeni c sheep and transgenic goats. The starting
materials for these products are variable. There are sone

strategies for herd selection and also sone limted testing
M LLER REPCRTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



is being done. And viral validation studies are indicated
as a requirenment for these products.

The third categories are blood and bl ood product
and other human-derived product, but the talk was to
concentrate here on bl ood and bl ood products. These are,
as we know, also the starting material are very variable
and constantly changi ng, and they have been inplicated in
the past in transm ssion of the viruses and the potenti al
residual virus infections still exist. And there are, as
we heard this norning, there are various conpl enentary
approaches for reducing the viral risk in these products.
These include donor selection and donor screening. These
are basically--they were covered by Dr. Busch, and | don't
think I need to go in any further detail.

And pharnmacovigil ance, and finally, in the case
of plasma-derived products, which is basically the topic of
this talk, is inclusion of viral validation of the
manuf acturing process is also a requirement. And that is
that validating the manufacturing process for renoval or
i nactivation of the viruses.

Therefore, the aimof viral validation studies to
provi de evidence that the production process wll
effectively inactivate or renove viruses which could
potentially be transmtted by a product. Basically here we

tal k about the human pathogen and mainly H'V, HBV, and HCV.
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In addition to that, the validation to provide
i ndirect evidence that the production process has the
capacity to inactivate or renove novel or undeterm ned
viruses. These are essentially viruses that we heard this
nmorning fromDr. Busch which they are not screened for and
al so sone of the energent agents could be included in this
group.

These are basically not conplete--inconplete |ist
of the viral clearance nethods. Essentially, vira
cl earance refers to viral inactivation and viral renoval,
and inactivation could be a chem cal inactivation, which
nost conmon one, sol vent detergent, or physical, such as
heat inactivation, and there are sonme conbi ned nethods as
we saw by--Dr. Wagner covered that, such as photochem ca
i nactivation which essentially using dye and chem cal and
exposure to light. And in the case of renoval, it could be
precipitation of chronmatography or nenbrane filtration.

Basically, in case of plasma-derived product or
manuf act ured product, there are--the steps which are taken
for doing viral validation include scaling-down process
because the viral validation is not being performed in
actual manufacturing setting, and that is contrary to GW,
and also is not practical to do such study in |large scale.

Therefore, a nodel, |aboratory nodel of actual
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manuf acturi ng process for the steps which they are intended
to be validated will be scal ed down.

Then the step which is to be validated, the spike
with appropriate virus, with high titer, and this virus
could be a relevant virus or it could be a nodel virus.

Then i n subsequent steps, determ ning the virus
reduction factor for that step or for different steps.

And, finally, summ ng up, the reduction factors
to give a total log reduction, provided that the steps
bei ng validated, they work in orthogonal manner, they
basically inactivate or renove by i ndependent nmechani sm

In | ooking at this schene, there are a nunber of
val i dation steps or conponents in the whole validation
studi es which one need to be evaluated. These include test
viruses, the choice of viruses that they have been used in
the studies, and al so the design of the validation studies,
whi ch that include the ability to scale down the process,
basically to establish the relevance of the | aboratory
nodel to actual manufacturing process, and al so providing
the kinetics of inactivation, the inactivation is tinme-
dependent, and this needs to be shown by providing the
ki netics data.

And robustness of the process as a whole al so

needs to be denonstrated by introducing deliberate change
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in the process and show ng that the process of reproducible
and effective after introduction of these changes.

And, finally, the assays which are used to
gquantify the level of viruses need to be vali dated.

The final would be deternmining the | og reduction
for each particular step and also total |og reduction.

| will through some of these conponents very
briefly basically to denonstrate what we | ook for when we
eval uate these studi es.

In case of virus selection, the viruses that can
potentially be transmtted by a product, which we refer to
as the relevant viruses, and if relevant viruses cannot be
used because there is no in vitro culture for it, for
exanple, like HBV or HCV, then nodel viruses, which these
basically resenble the relevant viruses. And, in addition
to that, viruses with wide range of chem cal properties
also will be included to evaluate the robustness of the
process, and basically these will cover, as | indicated,
the viruses which they are nondescript or they are yet
undet er m ned.

The selection of viruses basically is dependent
on the starting material, if it's cell-derived or hunman-
derived or animal -derived, and there are al so sone
practical consideration, and that is availability of the

suitable culture systemand availability of high-titer
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stocks, and availability of reliable nmethods for
qguanti fication.

This shows the panel of the viruses which can be
used to validate the human drug product, in this case
pl asma- derived product. HV is being used as a rel evant
nodel for H V-1 and 2 and al so HTLV. Hepatitis B, there is
no culture for hepatitis B. There are sone ani nal nodel s
i ke chinp could be used, but these are a problemwth
availability and also the cost, and it's not a requirenent,
especially if you are revalidating a previously established
i nactivation of renoval nethod.

There are sonme animal hepatitis B viruses which
could be included in the study, |ike woodchuck hepatitis B
or duck hepatitis B virus.

For hepatitis C, there are a nunber of specific
nodel viruses, and anong them BVDV, which taxonomically is
very simlar to hepatitis Cin ternms of its size and
physical chemstry, and so particularly if renoval is to be
val i dated, BVDV is a good specific nodel because of its
Si ze.

And there are other nodel viruses for hepatitis
C, nanely, CW is one of the nore comonly used, is
slightly larger than HCV, but nore resistant to
i nactivation and probably will be better nodel if one wants

to validate the inactivation process. And we encourage the
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manuf acturer to include both BVDV and CW because nost of
t hese validation studies include both renoval and
i nactivation.

Hepatitis C there is a culture (?) hepatitis
A virus which can be used as a relevant virus, and al so
because of the potential transm ssion of sone of the Herpes
viruses, one of them needs to be included in a panel and
PRV is nore commonly used. And this also will be useful as
havi ng envel oped DNA virus to cover for HBV as well.

B19, as we heard this norning fromDr. Busch, it
can be very high titer, and it is basically increasingly
becom ng a concern. And inclusion of the specific nodel
virus to renove or inactivate this virus is essential, and
PPV is included in this panel. And also B19 is not only a
relevant virus, but also will be a good test to show the
overal | capacity of the process in renoving and
i nactivating viruses because this is a very highly
resi stant virus.

| won't go through this for the interest of tine,
but basically just to underscore the point that selection
of viruses shoul d be dependent on the starting material,
and here we're tal king about cell line-derived product and
t he panel which is used is different. And if one uses the
ani mal - deri ved product, the choice of viruses should be

relevant to the starting material.
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And virus selection basically should include DNA
and RNA genone, viruses with DNA and RNA genone both
si ngl e- and doubl e-stranded, |ipid envel oped and non-
envel oped viruses, large, internediate, and small size, and
in ternms of resistance fromhighly resistant to easily
i nactivated viruses. And that will cover basically the
whol e range.

The ot her validation conponent is the scal e-down
nodel. This is very inportant if one is to establish the
rel evancy of the data to the actual manufacturing process.

And this is essentially sane thing as | said in
previous slide, and all the critical parameters, both
functional and product specification need to be maintained
and shown that the scal e-down process actually mmc an
equi val ent to the actual manufacturing process.

There are sone validation conponents that we | ook
interns of what are chemicals. This is nore or less a
last-mnute slide |I included there since we tal ked about
phot ochem cal, and that is concentration of the chem cal
changes in donor plasma need to be validated. And the
effect of inpurities in the donor units, for exanple,
presence of |ipids and henogl obin in case of henolysis, and
maybe bilirubin and their effect on overall inactivation

shoul d be determ ned.
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And if renoval of inpurities is needed, the
degree of inpurity renoval prior to the treatnent should be
al so validated. And obviously the total quantity of I|ight
as well as its intensity and wavel ength need to be
det er m ned.

There are a nunber of variables which may affect
the overall efficacy of the treatnment because of the |ight
absor benci es, including plastic bag transparency and sanple
depth. And also mxing efficiency needs to be validated.

And, finally, residual |level of chemcal and its
breakdown needs to be determ ned and the assays that are
used to determ ne this breakdown of the initial chem ca
shoul d be val i dat ed.

Regar dl ess of what inactivation or renoval steps
are being used, there are certain criteria which are
i ndi cative of effective clearance steps, and that includes
that significant viral clearance should be provided by the
met hod and shoul d be reproduci ble and controlled at the
process scal e and nodel abl e at (?) to the scale. This
particularly is relevant to the plasnma derivatives because
the validation is being done at the small scale. And it
shoul d have m ninmal inpact on the product, and we heard
this fromDr. Wagner, and basically it should inactivate

the virus and not kill the product, nore or less. And it
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shoul d not generate new antigen or |eave toxic residue. It
shoul d not be carci nogenic or nutagenic.

There are other concentrations which basically is
nostly relevant to the plasnma-derived product, and
manuf act uri ng process for bl ood-derived product rmnust
contain two effective steps for renoval and inactivation
And effective is defined also--this is nore or |ess open
question, but all things considered, all the validation in
pl ace, effective is defined as a step which can produce
nmore than four-1log clearance of the virus.

Because of increasing concern over non-envel oped
viruses, at |east one step should be effective agai nst non-
envel oped viruses. And at |east one stage in the
production process must inactivate rather than renove
viruses, so total reliance on renoval would not be
accept abl e because of the problemw th the robustness of
removal process and also difficulty in scaling down and
val i dating such processes. Therefore, one inactivation
needs to be included in the process.

There are sone limtations in viral validation
studies which I'Il quickly go through, and that is that
(?) strain may behave differently than native strain, and
that there may exist in any virus popul ation a fraction

that is resistant to inactivation.
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And a scal e-down may be different fromthe ful
scale, and there are inherently sone differences between
the scal e-down and | arge scal e which may affect the overal
viral clearance. And the presence of neutralizing antibody
in the starting material or in sone of the product nmay
cause overestimation of the viral kill or viral renoval.

This is basically, again, total virus reduction
may be overesti mat ed because of repeated or simlar
process. The processes that are validated, as | indicated,
shoul d function by independent nechani snms. They shoul d be
orthogonal. But sonetinmes there are sone overlaps, and
that may cause the overestimation in determning the total
| og reduction. And (?) step to renove virus after
repeated use may vary, and this is particularly true in the
case of chromatography where if you validate the fresh
resin after repeated use, it nmay not have the sane | evel of
renmoval capacity as it has when it's not. Therefore,
reval i dati on may be needed.

That concludes ny tal k. Thank you.

[ Appl ause. ]

DR. VOSTAL: Thank you, Dr. Farshid.

Any brief questions?

[ No response. ]
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DR VOSTAL: Dr. Farshid will be a nmenber of the
di scussi on panel following this session, so you'll have a
chance to ask himquestions later on.

The next talk will be given by Dr. Hannel ore
W | komren, and she is the head of the viral safety section
of the Paul-Ehrlich-Institut, and she will tell us about
t he European approach to eval uating these nethods.

DR. WLLKOMMVEN: Thank you very nuch. Before

start ny talk, I want to nake two renarks.
First, I want to--I can't speak so nuch about the
experience we have. | want to give sone regul atory

considerations with regard to bl ood conponents which are
i nacti vat ed.

The second remark is we have no European
experi ence because the conponents or bl ood conmponents in
general are regulated on a national basis. But this is the
i ssue of the next talk of my colleague, Margarethe Heiden.

| want to focus on sone virol ogical aspects which
shoul d be considered if we are speaki ng about bl ood
conponent inactivation.

He referred already, and |I think very in detai
and very interesting, about the mechani sm of and about the
new net hods which are used at the nonment and which are
i ntroduced at the nmoment for inactivation of bl ood

conponents. These are photochem cal nethods--psoral en,
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referred about intercept platelet system Baxter has
received recently its certificate. The photodynam c

nmet hods usi ng net hyl ene bl ue, di net hyl net hyl ene bl ue,

t hi onei ne, riboflavin is another conponent which is used,
which is al so the photodynam c nmethod, and cheni cal

met hods, the very well established S/D treatnment or
treatment, and the other nucleic acid targeting substances,
| nacti ne and the FRALE substances, you have al ready about
and | don't want to go in details.

For this nethod of radiation, the application of
radiation is necessary. And if you | ook under radiation,

t hen you can have these three opportunities: first, that
the target, the DNA, the protein, the infectious agents,
are directly radiated, and inactivation occurs directly via
i nactivation, where the energy which is brought into the
target via irradiation, this is the case for gama

radi ation or for UV treatnent.

Then if we | ook here under photochem cal nethods,
then sensitizers are added to the conponents, and they are
treated and irradi ated and bind then or form conpounds or
give a linkage to the target itself so that equival ent
linkage to this that the target is inactivated.

And in the case of the photodynam c processes,
the reaction occurs really--the sensitizer bound to the

target, nmaybe DNA and RNA, but the inactivation or the
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formati on of coval ent binding occurs with a radical, free
radi cal s or reactive oxygen species, and this reaction can
be quenched by Type |I or Type Il quenchers. And so we have
di fferent mechanisns for these reactions, and, therefore,

al so different possibilities to influence and al so

di fferent things which have to be controlled, | think.

These substances which are used for these
processes, the sensitizers should have specific properties.
They shoul d be soluble in water and stable in the sol ution.
They shoul d be non-toxic, non-nutagenic, non-carcinogenic.
This is really conplicated because nost of the conponents
are reactable, have an affinity, special affinity to the
genore.

The inactivation process should have a high
effectiveness for the range of pathogens. The process
shoul d mai ntain the biological activity of cells on al
| abil e bl ood products. And | think it is also an inportant
aspect, the photochem cal inactivation should be effective
at low energy level that formation of radicals or reactive
oxygen species can be maintained at a low level. This is,
| think, also an inportant point because the formation of
radi cal s can give side effects which we don't want to have.
They can induce al kylation of proteins which are not the
target of this treatnment. Type |I and Type Il quenchers can

be used to preserve the functional activity of cells and
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pl asma proteins. So these are (?) , and | want to go to
sone exanples, and | want to go then into sone aspects
whi ch woul d be consi dered.

So first I want to make sone remarks on psoral en
As we have heard already fromthis, this was a publication
of Lin, et al., in 1997, and they reported sone
ef fectiveness for inactivation of viruses and of bacteria,
and they report here, it is reported that the functionality
of the cells can be nmintained.

Recently | received from Steve Bi nion of Baxter
these intercept platelet product characteristics, and they
have a list of viruses which can be inactivated. |
mentioned it here on this slide. But | wanted to take this
as an exanple to discuss sone considerations with regard to
virus inactivation for these products.

First, which viruses should be tested? | think
the selection of viruses is not so bad here. HVis
tested, and, | nean, HV is mandatory in each case. It is
not a target virus, of course, but, nevertheless, it has
such a neani ng, such a political inportance, too, that in
each case | think it is and should be tested.

CW is a Herpes virus. Herpes viruses are
inportant for their conponents, | nean, and Herpes viruses
shoul d be considered. But |I'mnot sure that it is

efficient to look on CW only. Mybe it is also necessary
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to | ook on other Herpes virus. W have heard that the
Herpes virus Type 8 is inportant also, and maybe the
behavior of different virus strains is different. And |
mean, a very inportant question fromthe regul atory point
of view, at least, is what is the nmechani sm of
inactivation? Wat is the nost inportant step which is the
key step for the inactivation of viruses? Is it the
penetration of --or are these properties of the virus
envel ope or the virus core that the sensitizers can conme to
the target nolecule of the genone? 1Is this penetration of
the virus core, the virus nmenbrane, this is a very
i mportant step? But this would be clarified, and | think
it can be clarified only if several viruses and several
type of viruses have been investigated. And so | would
suggest in this case to extend the Herpes viruses or the
nunber of the Herpes viruses which are investigated. And
we have seen in other nethods, of course, that viruses of
one fam |y can react very differently.

HBV can be tested. That's good. | think that
HBV is one of the target viruses, because we have heard
this norning fromM chael Busch that the highest risk is
associ ated--if we are speaking about the risk of HV, HBY,
HCV, the nost inportant bl ood-borne viruses, then HBV has

the highest risk if you can speak about that.
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And the next is that we don't know normally so
much about HBV and the properties of HBV in inactivation
met hods because it is very often not investigated in, |et
me say, classical inactivation nethods which are used for
the inactivation of blood products, of blood derivatives.

So it is interesting that the duck hepatitis B
virus as here is effective--or the nethod is effective for
i nactivation of the duck hepatitis B virus as well as for
HBV. But, on the other side, it would be very interesting,
and | think that it is not sufficient to denonstrate here
the | og reduction values. It would be very informative to
see the kinetic of inactivation because it is clear that
you can see differences in the effectiveness of the nethod
agai nst specific viruses you can see it fromthe kinetic,
especially fromthe kinetic. And so maybe that this should
be investigated, too.

So HCV can be tested here because it is an
i nactivation nmethod which reacts with the genone. This is
al so good that we have this informati on here, and maybe it
can be tested by PCR  And we can see here the relation to
BVDV which is used normally or very often as a nodel virus
for HCV.

So I'mnot sure that we can conclude fromthis
that this method is in general effective against al

envel oped viruses. | know that the conpany doesn't claim
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this, but I want to nmention only--or I want to say only
that we have to be very careful with such consideration or
such conclusions, and sonetines | hear that it would be the
wi sh to have a nethod in place which is effective agai nst
unknown viruses. And I think we should be careful with
this conclusion. But, neverthel ess, the envel oped viruses
are highly--according to these nunbers, it is to assume, it
is to expect that this nethod woul d have high effectiveness
for inactivation of envel oped viruses.

It is different with regard to non-envel oped

viruses. Bluetongue virus is a virus which can contam nate

bovine serum It can cone into biological products. It's
not the case for blood conponents, | know, but in general
it is an inportant virus. It is a reovirus and conpletely

different than fromthe structure fromthese other viruses.
But you see that in the case of the small non-envel oped
viruses, this nethod is not effective, and | think--or |
woul d assune that this may be a little bit a fact of the
virus core which nay be too--the density nay be too high
that the sensitizer can penetrate through this. But it
woul d be worth, | think, to know nore about all this.

So sone remarks for Inactine. | think this there
are also clinical trials perfornmed--that have been--they
have performed already clinical trials with this substance.

| don't want to go through this. You have heard it
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already. And | saw a paper describing here this process,
and they have changed a little bit. And the first
publications reported they renove Inactine after the
treatnment. In this case, they quench it with thiosulfate.
And they report here the sane two-phase kinetic with BVDV
and PPV. In this case, they provide the inactivation
kinetic, and they postulate a two-phase reaction.

It would be interesting to know is the reason for
t he two-phase--what is the reason for the two-phase
reaction? |If | assune that the conpound react directly
with the genone, maybe | woul d expect that it is nore in
one- phase reaction. That nmeans that you have real
l[inearity in the tinme of reaction wth--the inactivation
woul d be a linear function fromthe tinme of treatnent.
This is here not the case, and I'ma little bit surprised
that these both should be--really should have the sane
kinetic. These are nore or less parallel curves which cone
up. The titer was here a little bit lower--no, it was
| ower here, and, nevertheless, it is not so clarified for
ne.

| nactivation in plasma. Let nme nmake sone renarks
with S/IDtreatnment. | don't want to go in detail, and you
are very famliar with this. 1t is not really an
i nactivation nmethod for bl ood conponents. It's used for

bl ood conponents because S/D plasma is in plasnma for
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transfusion. But because it has a pooling stage, it is
sonme processing by chronmat ography, it is handled fromthe
regul atory standpoint as a nedicinal product.

Nevert hel ess, we see also in this case, in the
case of this well -established inactivation nethod, sone
[imtations which woul d be considered, and | see the
parallelismto the new nethods which are comng into our
products. So we know that this nethod is very effective
for HV, HCV. HBV, | made it blue because we don't know
exactly what the inactivation kinetic of this is. W know
that it's effective, no question. Oherw se, we would have
seen it during the use of this product, and there are al so
sone early investigations with chi npanzees.

So no effectiveness agai nst non-envel oped
viruses, that is clear. W have this risk of contam nation
wi th non-envel oped viruses, and we see that this treatnent
al so has sone negative effect. The activities of inhibitor
C and protein S--sorry, it's a m stake here--and al pha 2-
antiplasm n are dimni shed under 50 percent. They are
soneti nmes very, very nuch dimnished. And we see al so sone
[imtations with regard to virus inactivation. It is a
very nice publication, |I think, from Peter Robert, and he
published it in Biologicals, and he | ooked at the
i nactivation of Factor VIII and Factor |X and denonstrated

that vaccinia virus is not inactivated conpletely (?) 1is
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T3B

used as in detergent. And so we see also limtations in
wel | - established inactivation nethods, and | think that the
conclusion for nme is--or the message which I want to give
to you is that we have to | ook very carefully on
limtations, side effects of such new inactivation nethods
when they are introduced into the production of cellular
conponent s of medicinal products which are used for
treat nent of humans.

So very short remarks to nethyl ene bl ue.
Met hyl ene blue is used in several countries routinely
al ready, and we have really sonme experience with this, but,
neverthel ess, this product is at the nonment not on the
mar ket in Germany. This has other reasons.

We know that in general envel oped viruses are
(?)-tive against treatnent. Non-envel oped viruses are
nostly not effective, and we see also where this nethod in
reduction in the activities of fibrinogen and ot her
coagul ation factors, but, in general, this nethod works
quite well. The specific reactivity or the specific
ef fectiveness of this nmethod against different viruses was
really rather specific, and it has to be | ooked on very
careful on this.

The process has been inproved with the change,
cells renoved and this new process by nmenbrane filters. A

sodiumlanp is used for illumnation, and nethylene blue is
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renmoved. It is obviously an inprovenent of the situation
because, in principle, these conpounds can be genot oxic
because it reacts with the genone. The kinetic of

i nactivation, of course, has to be investigated.

So if you |l ook on the new inactivation methods
whi ch are introduced and which we are discussing here, then
we have to ask some questions fromthe regul atory point of
view, at least. |Is the nmechanismof pathogen inactivation
clarified? This is a very inportant question for ne.

Next, can the effectiveness agai nst severa
pat hogens be predicted on this basis? This is nore or
| ess--this question is nore or less related to the question

whi ch pat hogens have to be used for the evaluation of such

nmet hods.

s it a robust process which needs no control
during routine use? | think that it is also an inportant
guestion. If you | ook on cellular conmponents, we have

i ndi vi dual products which may be different. Mybe the
lipid content and the plasma may vary. |f the plasma is
replaced to sone extent to 40 percent | think by platelet
addi tive solution, but what is the influence of the
conposition of the plasma to this? It is only one of--one
exanpl e whi ch could possibly be inportant.

What are the variables? This should be really

considered. |Is the variability of the process of non-
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inportance? This is also a question. Are virus safety a
target? 1Is it possible to say don't matter, we don't want
to know, it's all exactly? It is efficient if the
procedure is effective maybe against bacteria or, in
general, we have to give an answer on the question what are
the target pathogens for the inactivation of cellular
conponents and plasma for transfusion.

| f we summarize and see all of this in a nore
general view, then we can summari ze that nethods for
i nactivation of pathogens have been devel oped. They are
promsing wth regard to their effectiveness for
i nactivation of viruses and bacteria. And some of them
have been tested already in clinical trials.

However, we have to give an answer on the
follow ng questions, too: Wat is the clinical relevance
of reduction of cell or protein quality which may occur
during treatnent? | think it is inportant. And |I have
heard here in the talk of Steve Wagner that alkylation is
al so an inportant point. W have to give an answer what
the clinical inportance of such changes are.

What is the long-termclinical inportance of
agent s/ addi ti ves/ phot oproducts which remain in the product?

What pat hogens are nost inportant? | spoke
al ready about this. Wich pathogens should be used to

denpnstrate effectiveness of treatnent? Wat data are
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required to denonstrated effectiveness? Is it necessary to
denmonstrate effectiveness of such inactivation nethods on
the sane basis as we require this for plasnma derivatives?
Is it necessary to nmake extensive studies to denonstrate

al so factors which can influence us to denonstrate the
reliability of the processes? And | think it is necessary
to find here a conprom se and to create really good data
whi ch can denonstrate the reliability of the procedure, but
to keep it also in the tine frame which can be managed.

How to control routinely the reproducibility and
reliability of the inactivation nmethods? Wich paraneters
are inportant? Level of lipemc plasma, red cell content,
pl asma protein contents, others? |Is it necessary to
control the process under routine conditions?

| think all these questions have been raised, and
| think that we have to find an answer on it if we are in
t he agencies, at |east, and have to have an opini on about
the reliability, the efficacy, the safety of such products.

Thank you for your attention.

[ Appl ause. ]

DR. VOSTAL: Thank you, Dr. WII| konmen.

Are there any brief questions?

[ No response. ]

DR VOSTAL: Oay. We will nove on to the | ast

talk in this session, and this will be given by Dr.
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Mar gar et he Hei den, who is a colleague of Dr. WII komren,
and she's the head of the bl ood conponent of the Paul -
Ehrlich-Institut. She will talk about the European
regul ati on of blood conponents' quality and safety.

DR. HEIDEN. Thank you very nmuch for your
invitation.

As Hannel ore already nmentioned, in contrast to
pl asma derivatives, blood conponents in Europe are excl uded
from t he European harnoni zati on of nedicinal products, and,
therefore, the regulation of the whole bl ood banki ng system
in Europe follows only national peculiarities. That neans,
of course, all the recommendations, international and
Eur opean recommendations will be taken into account, for
exanpl e, for donor selection, for preparation, use, quality
assur ance.

I n Germany, bl ood conponents are considered as
nmedi ci nal products and, therefore, are regul ated by our
drug | aw and national guidelines. And the authority
responsi bl e for marketing authorization, for
phar macovi gi | ance of the bl ood conponents, and al so
together with regional authorities for blood bank |icensing
and inspections is the Paul -Ehrlich-lInstitut or agency.
And, of course, assessnent of these bl ood conponents
foll ows the requirenents and foll ows the European standards

for plasma derivative, for instance, with respect to source
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and manufacture and with respect to the virus validation
studies. A lot of it we heard already this norning.
There's a special --there's a peculiarity that in
Eur ope the conmponents, the substances for pathogen
i nactivation are regarded as nedi cal devices |ike the bags,
and, therefore, they have to fulfill the requirenents of
t he European Medi cal Device Directive, and this includes
not only the production, processing, and so on. This
i ncludes all of the whole risk managenent, risk assessnent
based on the pre-clinical and clinical studies nmade by the
conpany.
Quality, safety, and efficacy of blood conponents
are determned by a lot of features, and this pathogen
i nactivation will change the processing of the bl ood
conponents, and this change of the processing of the bl ood
conponents, of course, wll lead to changes in quality and
safety as well, and hopefully safety will be changed, wll
be increased with respect to mcrobial contam nation, viral
contam nation. But the quality with respect to--that neans
bi ol ogi cal activity of the active conponent,
t hronbogenicity, side effects, tolerability and so on may
be inpaired. And that's why if we want to assess the
changes in the quality of the conponent, the bl ood
conponent, we have to conpare it with the conponents which

are already on the market, our market. And we have the
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possibility to conpare the biological activity of any new
bl ood conponent with the basic quality data for the

bi ol ogi cal activity of the, in Germany, |icensed bl ood
conponents.

Wth respect to the tolerability of any bl ood
conponent, we have the possibility to conpare adverse
reactions reported to our institutions for the bl ood
conponents, and, of course, this will also be an aspect
which ater on will be conpared with the pharmacovigil ance
data of the new conpound. This certainly does not include
virus transm ssions, and this certainly does not include
errors of transfusion.

Unfortunately, especially with respect--the
bacteria--transm ssions of bacteria contam nations are
strongly underreported. It may be, of course, because the
reporting of these events is mandatory only since 1999, and
the tinme frame is | onger when we conpare it, for exanple,
with the French henovigil ance data which the anmount of
bl ood conponents transfused per year is in the sane
magni tude, the sane order of magnitude, but, for exanple,
for 1996, we have a 100-fold higher nunmber of reportings in
France conpared to Germany.

If we ook for the process of inactivation and
al so on the capacity of the process, we have to | ook for

the very large difference between viruses and bacteri a.
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Virus have a constant titer of contam nation, but in
bacteria, the contam nation will increase during storage
and may have an inpact on the design and al so on the
capacity of the inactivation procedure.

This is an exanple why it is so inmportant to | ook
for the storage of the bl ood conponent. This was a strain
of Kl ebsiella pneunonia which killed a young father two
years ago, and after an artificial contam nation fromthe
bacteri ol ogy departnent in our institute, we could see that
this trend goes up within 24 hours from1l CFU to 10° CFU.
And t hose experiences stinulated us to fornul ate sone
requi rements which bacteria strains should have which are
used for validation studies. They should cover a broad
range of several characteristics: blood-borne,
envi ronnent al , pathogeni c and apat hogenic. They shoul d be
Gram positive, Gamnegative, spore forners and so on

A very, very inportant point is these strains
used for validation studies nust be able to grow up in the
speci al bl ood conponent or at |least to survive in this
bl ood conponent. And we should take into consideration
that reference strains are not automatically suitable for
t hese validation studies.

Anot her very inportant point is that all these
bacteria nust be 100 percent healthy if you really wll

have val uabl e results from your inactivation process.
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These cells have to be intact cell walls, intact nenbrane,
intact cytoplasm including all the organelles, and they
must be free of undefined products of bacterial |ysis.

In this bacteriol ogical departnment, sone of the
standards are prepared, nost of themisolated from bl ood
conponents directly. They are very well characteri zed.
They all are harvested in the geonetric phase of grow h,
and stabl e nowadays up to two years, cryopreserved and are
ready to use with a defined nunber of living cells. And
they also offered for all people, for corporation, for
bacterial validation studies.

O course, the assessor has to | ook for other
possibilities to i nprove bacteria safety, and the assessor
has to renenber any tinme the pathogen inactivation mnethod

is one of the nethods one can use. And, for exanple, pre-

donati on sanpling nowadays is also recormmended. In
Germany, it will be introduced within the next one, two
years.

| f you conpare the nowaday state of virus safety,
of the conponents we have on the market, when we want to
conpare with a new pathogen inactivation nmethod- -
i nacti vated conpounds, we have to state that after
i ntroduction of fresh frozen plasm, after introduction of
the (?) in '95 we did not have any | onger transm ssions

of HV and HBV, and follow ng the introduction of HCV NAT,
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we do not observe any |onger any transm ssion of these
three viruses by (?) fresh frozen plasma. And in this
time period, we had nore than 5 mllion units transfused.

| f you look for the cellular conmponents, they
have a simlar picture. Follow ng introduction of HCV NAT
in 1999, we do not have any |onger transm ssions of HCV
reported. But we had yet three cases of HV transm ssion
and one case of HBV transmi ssion. And | hope this nunber
wi ||l decrease starting with next year when the H 'V NAT wil|
be ordered by our institute for Gernany.

That means, taking together all the points, the
final assessment in our institute of any assessor has to
consi der the needs of the patients, that neans supply of
the nedicines in sufficient anmount, with good quality, with
reliable efficacy, and also with an acceptable safety, not
with the total safety.

And the final assessnent, noreover, w |l bal ance
the winnings in safety by the pathogen inactivation
conpared to the safety | evel of blood conponents already on
the market, and wi Il bal ance these against the side effects
of inactivating substances--we heard a | ot about it--of the
i mpai rnment, the possible inpairnent, or already seen
i mpai rment of biological activity. That means | ast not

| east, the clinical efficacy, and we'll also take into
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account alternatives for inprovenent of safety, |ike
testing, pre-donation sanpling, and so on.

Thank you very nuch.

[ Appl ause. ]

DR. VOSTAL: Any questions for Dr. Heiden?

[ No response. ]

DR. VOSTAL: Now we're going to change the fornmat
of our presentations a little bit. W wanted to get the
opi nion of sone experts and al so gi ve the audi ence a chance
to ask questions of the speakers. So we were going to have
a panel discussion format, and we would invite the speakers
of the last session and two additional experts. One is
Harvey Alter, who is the head of the Infection D sease
Section here at the Transfusion Departnent, and Dr. Roger
Dodd, who is with the Arerican Red Cross. And we woul d
like to have them cone up here, and we'll have M ke Busch
run the discussion. And we've prepared sone questions that
have been--we'd |ike to have help and i nput fromthese
experts on how to deal with these issues.

[ Techni cal problem mcrophones off.]

DR. W LLKOMMEN: -- which have been transmtted
already. So | think that--on the other side, | nean that
this should be controlled. W should know what we have in
our hands, and, therefore, | nean, these viruses shoul d be-

-nunber of the viruses which would be investigated.
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I f we want to have an overview what the nethod
can do with regard to viruses, is it to assune that if a
met hod has a broader effectiveness for inactivation of a
wi de range of viruses, | think we have to test it. W have
to find out the nechani smof inactivation, and nmaybe then
we can make conclusions fromthat. |If not, we can claim
sone effectiveness only fromthe viruses which we have
tested. And so | think it is a very conplex question. It
is not so easy to answer that. And the nost inportant
point is what is the aimof inactivation. Do we want to be
sure that pathogens |ike parvovirus B19, hepatitis A virus,
are really reliably inactivated by these nmethods? Then we
have to test that. And we cannot replace maybe HAV with
polio virus. W have to look really on HAV that you can
make this conclusion. So | think it is really a very big
guesti on.

DR. : If I may add, | think if--there
should be a distinction. |If you are establishing the
ef fecti veness of a new inactivating or renoval nethod, a
broader array of viruses should be included in these
studies. These should be different than the risk you're
re-evaluating or re-validating what is previously
est abli shed nmethod. Therefore, | think the bar should be
hi gher for a new inactivation or any new cl earance nethod,

and | arger nunber of the viruses, both specific nodel
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viruses and non-specific nodel viruses should be included
in a validation study basically to determ ne the overal
robust ness of the process. And it cannot be relied only on
the viruses which is already being done for very, very

est abl i shed net hods.

And | would think that inclusion of sone ani nal
studies to establish the effectiveness of new net hods may
al so be required. And | would Iike to say that the opinion
t hat expressed here by nme may not be the opinion of the NSV
(?). It's ny own.

DR ALTER M opinion was on that ny own.

[ Laught er. ]

DR. ALTER This is a very, very difficult area,
and just to raise one problemwe' ve had in trying to use
real viruses, |ike HBV and HCV, and see how nuch you can
inactivate, traditionally we've used these and used the
chinp nodels. So you're starting out with a nodel that's
extrenely difficult, extrenely expensive, and very
unavail able. And then you're using agents which are only
available in certain titers. So if you want to | ook at how
much can you inactivate, you really can't ook at it
because we don't have stocks of viruses with high enough
titers that you see in patients. Everybody's using the
same materials fromour Hutchison strain and the

W I | owbrook M52 strain. And they're only available up to
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104, 10° maxi num So you can only tal k about--we can
i nactivate at |east 10*°

Clinically it seens to prevent infection if you
kill that nuch, but you really don't know how nmuch- -what
the total kill could be. So that's one thing.

The other thing is that it would really be nice
if the FDA could sonehow -and maybe that's what will cone
out of this neeting--set up this panel so that everybody is
usi ng the sanme agents, just like you would do for an assay,
a test assay, and you'd see if a new assay could neet these
criteria. It would be nice to have a set panel of a range
of viruses that was actually distributed by the FDA and you
cane in with a new net hodol ogy and you had to kill these at
that particular |evel.

DR. WAGNER: Well, actually, it's very hard to
add anything to these comments that have al ready been nade.
| do agree with themvery strongly.

| woul d al so, though, add sone caution to the use
of sonme of the nodel systens, even though they seemto be
appropriate. | think that one issue, for exanple, is the
use of porcine parvovirus instead of B19, which is now
properly known as an erythrovirus and is quite different in
ternms of its genetic makeup. And we've already seen data

in other environments that show a cl ear di ssociation, for
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exanpl e, between the inactivation properties of PPV and of
B19.

We've al so seen data today that show at | east two
different systens have very different outputs when used to
t est agai nst porcine parvovirus.

So | woul d endorse the concept that inasnuch as
possi bl e, recogni zing the rarity of chinpanzee nodel s and
so on, we should | ook for what we're trying to elimnate

and recogni ze that not every nodel is good for every

process.
DR. BUSCH. A question in the audience.
DR MARCUS- SEKURA: Yes, |'m Carol Marcus- Sekura
from BASI Consulting. | wanted to raise the issue not just

of what types and which viruses are chosen, but how these
studies are done. And if you take a virus and you spike it
into a solution and then you add the conpound that you're
testing, that's not the sane as | ooking at an intracellul ar
virus and trying to see whether the conpound w ||
inactivate a virus in an infected cell.

So |'m concerned about conpartnentalization of
the virus, the fornms the virus may take in the cell. For
exanpl e, envel oped viruses may not be envel oped until they
bud out of the cell.

So | think there are additional issues here that

need to be addressed.
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DR. BUSCH | think we're seeing at |east from
many of the conpani es' experinments that do use infected
cells, where appropriate, H V-infected cells or CW. But
" mnot so sure whether these studies are actually being
done where these infected cells or viruses are actually
spi ked into conmponents, red cells, platelets, and the
i nactive--1 mean, | had not heard before today the, I
think, very appropriate comments from FDA about concerns
over the effects of lipids or henolysis, et cetera, on the
efficacy of these inactivation steps.

Dr. Horowtz?

DR. HORON TZ: Bernard Horowitz. MKke, | would
attenpt to answer your question and reiterate sone of the
t hi ngs which have been said before. | think experience
fromthe plasma world indicates to us that, in order to
convert sonmething which is unsafe to safe--after all, the
obj ective--and given the | oad of virus which we see present
exenplified by your talk earlier today, we're going to need
i nactivation systens that inactivate at |east 10° and
probably preferably 102 infectious doses.

And that may not hold for all viruses, but that
woul d be ny personal target if I was witing down the
specification for a new nethod of virus inactivation.

And | say 10° and 10% in part because | know the

limtations of the nodels that we use, coupled together
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with the titers that are present early on in an infection.
And if we have a nethod which is only 10% | would think it
woul d fail to achieve the desired purpose of converting
sonmet hing to non-infectious.

Wth respect to the different nodels that we have
avai |l abl e to us, which nodels we should use, | think there
are two elenments here. There are many nodel s which we al
use in the non-cellular world. 1'd like to echo the fact
that the cellular world really is quite different. It's
different in two regards, one of which is you have
intracellular virus, and the other is that you have virus
adherent to the outside of the cell. And we really don't
know what the sensitivity of those are, in part because we
don't have good nodels to study it.

That's not to say that we should reject nethods
because we don't have good nodels, but we should at | east
recogni ze the limtation of the nethodol ogi es we use.

Thirdly, I'd |ike to echo the hepatitis B. |
know from our experience with solvent detergent that
hepatitis Bis easily the nost resistant of the viruses
that 1've personally used with solvent detergent, and I
know this, despite the fact that we kill all of the
hepatitis B in the chinp nodel, but |'ve used the duck
nodel to study kinetics. And the kinetics really do teach

us--if we're killing everything that we throw at it, they
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tell us how nuch margin we have, how nuch spare killing
capacity we have, even if it isn't linear. But you feel
confident if you can kill everything in one-tenth of the
exposure as conpared to, say, 100 percent of the exposure.

And so | highly advocate the use of kinetics, and
for hepatitis B in particular, hopefully we have enough of
t hose sanpl es around and enough chi npanzees to do studies
if we really want to know what's happening with respect to
hepatitis B.

Lastly, as we think about killing in bags, which
is really what we're tal king about, a totally different
nodel than what we're used to in the plasma world where we
have highly controlled tanks, bags have dead spots in them
and m xi ng efficiency was nentioned previously. But it
takes on a new el enent once you're in a blood bag, and you
need to be able to figure out ways of know ng that the
virus that's spread throughout the bag is killed, not just
in sub-sanples fromthe bag. And that al nost demands full
bag testing when you do your nodels rather than taking one
or two or three mlliliters fromthe bag and asking the
guesti on whether or not it's safe.

So that begins to answer sone--or at |east ny
personal opinion on sone of the questions which are here.

DR. ALTER. | agree with what you're saying, but

just one comment. The kill level m ght be | ooked at
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differently for agents for which we have nucleic acid
tests. In other words, the nucleic acid test is going to
bring it down already to 10° or less, so then you only have
to kill the residual. So I think perhaps for HBV, HV,
HCV, 10* woul d be enough. But for other agents where we
don't screen the donors wth nucleic acid testing, it mght
not be--it won't be.

DR. HOROW TZ: Wiich brings up the whol e question

of whether we should be tal king about the anobunt of virus

inamlliliter or anbunt of virus in the bag. And when
you tal k about 103 |'m assunming you're talking about
milliliter. But the amount of virus in the bag, once you

mul tiply that by a hundred, goes back up to 10°.

So 1'd like to hear the panel's opinion on
whet her or not the nonmenclature we're using is appropriate
and whet her we should be tal king about the total dose or
the dose per mililiter.

DR. BUSCH:. | think we've transitioned to
Question 2, which is, you know, the sort of l|evel of kill
that we want to try to docunent. And this question of
concentration versus absol ute nunber of particles is a
conplicated one in ternms of, you know, what is the
i nfectious dose, in essence. And | tried to kind of get at
that through the hunman data. W typically quantify in

terms of per nmL, and then we infuse a | arger vol une,
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obviously, 20, 30 nLs of plasma typically. Wether
infection is dependent on a m ni mum concentration of
particles in the infused material or sonme m ni num absol ute
nunber is--there's not a |lot of data to really address
that, in my opinion, in looking at the literature.

| think certainly sonme hepatol ogy people would
suggest that, you know, if there is sone fairly small
nunber, perhaps ten or fewer infectious particles in the
i nfused volune, then that's enough to--as it enters the
bl ood and enters the liver, to potentially initiate an
infection. And certainly we're seeing fromthe NAT
breakt hrough cases that very low |l evel virem a, you know,
at or below the limted detection of even individual NAT,
may transmt. So | think it does raise that question.

The way the data is being presented fromthe
pat hogen i nactivation conpanies, | agree, is often
confusing. |Instead of talking about kill at a |log per ni,
it's sonmehow being translated into a | og reducti on where
they multiply the observed kill by the theoretical volune
in a bl ood conponent and sort of anplify up their projected
kill by a couple orders of magnitude, which | don't think
is appropriate, but naybe others could comrent on this
nonmencl at ure i ssue.

DR WLLKOMMEN. | would |ike to make a coment

to this. | think that it is really conplicated to say we
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have so many viruses in the bag and we need the capacity of
so many logs. | think this is--we nade estimtes. W
don't--can't calculate it exactly. W don't know exactly
what the variability in such a process is. And so normally
we say if we want to have a safe product, we need a nethod
which is really effective, as maybe is it inactivation,
where it's inactive or it's a virus that has a fast

i nactivation kinetic, so that we can be sure that during

t he whol e process the virus which is inis really

i nacti vat ed.

In the case that you have in inactivation and
which is slowl y--which occurs slowy and you have virus at
the end of it, then | know that--or fromny experience with
val i dation studies, this slope of inactivation can vary a
little bit, and so you can have nore or |ess.

On the other side, we need blood products, of
course, and we have to nmake a decision finally. And we
have to say this is sufficient or this is not sufficient.

| think in the case of bl ood derivatives we have
the opportunity to say to the manufacturer, please add an
effective virus inactivation step. In the case of bl ood
conponents, we don't have that. W can say, good, we see
your inactivation, please describe--mke so good
experinments that you can describe the effectiveness of your

process very well, that you really can denonstrate what the
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effectiveness is, and then we have to nmake the deci sion.
The risk/benefit, is it allows a conclusion for the product
or against the product? | think this is a conpletely
different situation in the case of blood conponents than in
the case of plasna derivatives.

On the other side, we have to consider also that
we bring into--we are discussing now about really new
substances. W never use such substances for inactivation
of bl ood derivatives. These are substances which are
reactive or react preferentially with the genone, and these
are substances whi ch have al so sone ot her properties, may
(?)-cul ate products and so on, but we are a little bit
famliar already with this. But we should be very careful
wi th--and we should investigate as much as possible that we
know what has happened during such inactivation.

Thank you.

DR. BUSCH Dr. Klein?

DR. KLEIN: Harvey Klein, Bethesda. A comment to
the last point is | would just |ike to know, when the
slides go up there and they say | og reduction, what you are
tal ki ng about. So maybe we coul d define that when each
slide goes up so we'll know that we're conparing apples and
appl es.

|"d like to get back to a point that Dr. Horowitz

made, and that is, it's absolutely true that we' re not
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going to elimnate any of the current tests because of the
high titers of virus. But many of us are thinking about

t he next agent, and we're not going to have a screening
test for the next agent, whatever that m ght be, until it's
al ready here. So we would like to know that at |east with
our current agents and our nodel viruses that the kill is
pretty high.

And what | would Iike to have seen, M ke, on your
| ast slide was al so sone data on the clinical effects on
t he donor so that we would know that you m ght pick a donor
who was asynptomatic at a time when the acute viral titer
was very high, because certainly those who are ill at the
time that the viral titer is very high are probably of
little relevance to us. Certainly in the chronic case of a
viral infection, if you have a high-titer virus and a
chronic infection where soneone isn't ill, then that's a
real problemfor us.

DR. BUSCH. Most of the nunbers | showed | think
are com ng fromasynptomati c--even obviously acute HCV is
virtually uniformy asynptonmatic, and even the H'V data
that we're deriving fromthese plasm donor panels, these
are peopl e who gave those high-titer w ndow phase units and
got through full screening. So they were asynptomatic,
afebrile, and if you actually | ook at data from you know

hi gh-risk clinics where people present with the acute
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syndrone, they'll have orders of magnitude higher viral
| oad and peak virem a than we've docunmented with these
pl asma panels. So it's really remarkable the | evels of
virus that people wal k around with and give bl ood.

Dr. Brecher?

DR. BRECHER: Mark Brecher, UNC. Dr. Klein
al ready said much of what | wanted to say, but it seens to
me when it cones to | abeling these processes, we're going
to--you have to separate out testing for--well,

i nactivation of viruses for which testing has already been
done versus the unknown viruses that are com ng down the

pi ke for which many of these conpanies, you know, w sh to
make a claimthat we will catch all these next viruses or
unknown viruses. And to do that, you really have to | ook- -
according to Mke's data, it seens |like you have to get in
sonme cases a ten-log reduction if you're going to try to
make a claimfor efficacy.

DR. BUSCH: Roger?

DR. DODD: | think that this conversation is
extrenely inportant because | think that many peopl e feel
the real prom se of viral reduction, viral inactivation is
for the next virus. And yet | think we've already seen
data with our existing viruses that, in the absence of
testing, a process may well be pushing the limts of its

capability to elimnate all potentially infectious virus.
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| think that we've al so seen data that show t hat
sonme ot her viruses that we know about but don't test for
can exist at highly--extrenely high titers, B19, for
exanple. And | think it's reasonable to suppose that sone
viruses will be inactivated, but there will be sone that
cannot. | would also go back to the issue of nodels
behaving differently in different systens and not
necessarily being predictable.

So | think that one has to use extrenely caution
in raising hopes about the inevitable ability of these
processes to elimnate the next virus. In sone cases it
wWill; in sone cases it won't. And that's the only thing
that | think is predictable.

DR. BUSCH. Dr. Bl ajchman?

DR. BLAJCHVAN. Mo Bl aj chman, Hamilton. Harvey
Kl ein asked an inportant question relating to the need to
define what a log kill is or six-log kill. I think this is
very inportant. But having said that it's very inportant,
| think we need to define--there is a very inportant paper
in a recent issue of Lancet relating to H'V sitting on the
red cell. Jay Levy wote an acconpanying editorial, and
what seens to be--sonme of you may not have seen this paper
because it only recently appeared, but basically the
nmessage of that paper is that H V--even in individuals who

are on treatnment so that the plasma | evels are undetectable
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



T4A

seemto have high levels of H V-i nmune conpl ex associ at ed
with the red cell surface as a form of inmune conpl ex.

So not only do we need to worry about the titer
and the log kill, but we also need to be very concerned for
sonme of these viruses, and the paper only describes HV,
H'V on the red cell surface. And there's no correlation
shown in 80 patients or thereabouts between the plasna
| evel and the level of infective HV virus on the surface
of red cells. And | wonder how the panel would deal with
that, and | think while it's early days about the
significance on--one of the things that | was concerned
about when | read the paper is maybe sone of the w ndow
peri od and sone of the inconsistency, Mke, that you showed
during your tal k about the plasma | evel and infection nay
be related to H'V on the surface of the red cells.

But | still think we need to start with a
definition of |log, as Harvey Kl ein said.

DR. BUSCH I'd just comment that, in addition to
t hese agents binding to red cells, platelets are actually
excel |l ent scavengers for a nunber of infectious agents, and
high |l evels of platelet-associated virus have been
docunented in many of these systens.

Dr. Corash?

DR. CORASH. Yes, Larry Corash from San

Franci sco. You know, having westled with a |ot of these
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assays for nore than ten years now, | think there are sone
i mportant distinctions to be made.

First of all, a lot of the data that's been
presented this nmorning on titer of virus is genone
equivalent, and I think Mke did point that out in his
slides. And that is different than infectivity.

| think everybody would agree that we would |ike
to have infectivity assays that test the entire unit of a
conponent that gets transfused, and in sonme cases, we've
been able to do that, primarily in nodels |ike the chinp
infectivity nodel, but we're putting a human pathogen into
anot her animal system W use ani mal nodels for the duck,
which I think is an excellent nodel for DHBV, but it is not
exactly the same virus as HBV. And we use nurine CW in
i mmunodeficient mce, but it's not exactly the sane as
human CW.

And these are the problens, | think, that people
are really struggling wth, and you can even take a
| abor at ory-adapted strain of HV, which we grow up to be
able to have extraordinarily high titers, and there are
people sitting on that panel who've done exactly that work.
But that's not the sane as a wild-type isolate froma
first-time donor who's newy infected where you have a
virus which will not even plaque in the infectivity assays

that we have to use to show | arge dynam c ranges.
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So, you know, the challenges here are very
considerable, and | think there are some limtations in
what can, in fact, be denonstrated. And | don't think you
can cl ai m sonet hi ng unl ess you can denonstrate it. And
think that's what everybody in this field, you know, has
been struggling with, and I would encourage the panel and
obvi ously the agencies to--you have to think about, you
know, the nature of these problens and what, in fact, can
be val i dat ed.

DR BUSCH: Steve?

DR WAGNER: Wth all these comrents, | think
there's probably pretty much consensus that it's inpossible
to prom se about the future virus because of all the
conplexities involved. Even the viruses that we know how
to deal with, as Larry says, there are strain differences,
there's differences in infection nodels. And there are
infectivity nodels that can be used, and at best, the most
we're going to learn is a certain |evel of certainty but
not conplete certainty whether or not that virus is going
to be cleared or not. And you're going to have to
i npl enent the process and then do surveillance to really
know how effective sone of these maneuvers are going to be.

DR. BUSCH. And one of the things that | suggest
in terms of these comon non-pat hogenic agents, in terns of

the HGVY, SENV, that are being transfused, and the clinica
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trials that have been and are being done with these

i nactivation nethods, you know, there should be specinens
fromthe donations that were treated and the recipients pre
and post. There's other viruses, enteroviruses that Peter
Si mmons has shown that are quite common in donors and can
be transm tt ed.

|'d actually ask Harvey, who's worked a | ot on
t hese, whether he thinks evaluating the efficacy of these
conmpounds using those as sort of nodels.

DR ALTER Well, it would be nice, but the
problemw th all these agents--HGY, TTV, SEN-is that we
have no cultured system W have no titered inocula. And
we have no di sease nodel so you can transmt it to the
chinp, but all you showis that you can infect. So you
could do a plus-mnus. You could say it infects or it
doesn't infect. But it's not the ideal systemto work with
because you don't have a culture, a particular--

DR. BUSCH. R ght. Wat | was suggesting is, for
exanple, in the trials that are being done of the Helinx
met hodol ogy, the people that have been enroll ed have been
exposed to many donors who undoubtedly a subset of those
donors were carriers of these viruses, and we coul d just
use the human data to eval uate effectiveness.

DR. ALTER. W, in fact, will be doing that in

this new prospective study we're doing. And the rates wll
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be hi gh enough that we'll see whether an infectious donor- -
and the REDS study could do the sane--whether an infectious
donor will actually transmt to the recipients. Yes, so in
t hat sense, it could be done.

In fact, can | keep--it seens to ne that this
whole field of viral inactivation can be viewed as good or

bad. There are people who think it's good because it's

close to the magic bullet. It gets beyond testing. It may
kill the next agent. It will kill bacteria, kill viruses.
We don't know how nmuch it will do, but it has a | ot of good
t hi ngs.

O hers see it as bad because it is expensive,
tinme-consumng, and it may not kill everything to the nth
degr ee.

But if we consider that it is nore good than bad,
which is nmy opinion, and if there are no nmajor toxicities
denonstrated, then I think we need to get off the dine,
that we need to use the NAT nodel and say this is sonething
we want to do, how can we get there fast, or faster? |
t hi nk NAT cane exceedingly fast when a major effort was put
out to do it, and it got validat ed.

So | think the first decisionis do we really
want viral inactivation. But if we want it, then | think
we have to not get every piece. W' ve already been ten

years in this process, and if we go to Mahnood's nodel,
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which is a very good nodel, but if you go to that, it wll
be another ten years before anything could ever get out.
And | think we have to say what's realistic, how can we
measure it, who can do it, and really set a task to do it
if we believe it adds sonething to the safety of the bl ood
supply, which | believe.

DR BUSCH: Steve?

DR WAGNER: If | could respond to that, if we do
i ndeed inplenent it, | would hope that we al so i npl enent
sufficient surveillance of recipients to make sure that
we're not causing a problemthat's bigger than what we have
ri ght now.

DR. BUSCH: So really you're tal king about |ND -
or post-licensure, continue sort of Phase |V surveill ance.
And right now the clinical trials that are being done, the
formal trials do not have efficacy of bacterial or pathogen
kill built into them That's all done through these nodel
studies, in at least the large trials that seemto be being
reported, they're not--they're just denonstrating product
efficacy, not really denonstrating kill, because you
couldn't power the studies to denonstrate that with the
maj or agents now.

But to do, you know, an efficacy of kill study, I
think that's going to require mllions of people for the

maj or agents unless we use these other surrogate common
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pat hogens. And then your other concern | think is the
concern around toxicity, lowlevel toxicity. So enrolling
t hese people in long-termstudies is...

DR. WAGNER:  Yes, | think, you know, we're going
to have to do infectious disease transm ssion work |ike we
al ways do after the inplenentation of something and | ook at
its inpact, and we'd al so have to | ook at--and this is what
| keep on stressing. | think that we're going to have to
report adverse events in a different way than we do now to
make sure that we're catching everything so that we're not
creating nore harmthan good.

DR. HEIDEN: | do not see so much the problens if
we decided to accept this pathogen inactivated bl ood
conponents to bal ance between the costs and so on. | think
t hese inactivated bl ood conponents, even if they do not
i nactivate all pathogens, will be, of course, anyway, wl]l
be a plus in virus inactivation, a plus in safety of our
bl ood conponents.

The nost inportant thing in ny opinion is we have
to be really sure that this wn in any kind of safety--and
it will be awin, even if not any kind of species is
inactivated. |If this win in safety will be counteracted by
any problemin tolerability, by any problemin nutagenicity
and so on. And this is nmy nost problem | do not have any

problemif it's expensive. Al the testing and all the
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things we have introduced in the last years are incredibly
expensive. | think it's nore inportant really to know if
we do have any nutagenicity, any other serious side effect
counteracted by this win in safety.

DR. BUSCH. Dr. Bianco?

DR. BIANCO This is a fascinating discussion,
but 1'd like to go back initially to one things that
Hannel ore started, that is, what is really the objective of
the viral inactivation that we are | ooking for? And I'd
li ke to hear the opinion.

The other thing that I'd Iike to hear the opinion
fromthe panel and starting fromwhat Steve has raised
about |l ong-termsurveillance and to answer your question
about what side effects, what toxicology could be there,
what is the benchmark? That is, what is the control group?
VWhat will we | ook at as the background that we will decide
that there is an increase or not of adverse events? That |
think is a very difficult question to answer. But |'msure
that you--at | east Harvey has the answer.

[ Laught er. ]

DR. DODD: | can take a shot at your first
guestion, Celso, because | think that the objective of
viral reduction, viral inactivation was very clear 15 or 12
years ago or 10 years ago, and this is when the effort

really started. But we've been pushed into other
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mechani sns, and these ot her mechani snms have eventual |y been
probably successful beyond our wildest dreans. So we're
now | eft in a situation where we have the technol ogy, and
perhaps we're finding sonme difficult ways to justify it at
thi s point.

| think it's very clear fromthe data that we've
seen already that we shouldn't be overwhel med by the issues
relating to viruses at this point. | think in the context
of viruses, we should probably ask oursel ves a nuch
broader, and that would be: |Is this good public health?
And in that coment, | include the question of: Is this
appropriate use of resources?

If this was a vaccine that's going to cost
however nmuch per shot, would we actually pronote using it?
" m not sure.

As to your other question, I"'mgoing to | eave
that to soneone el se.

DR WAGNER | think that you have to have nore
conpl ete adverse event reporting, and the sorts of things
that you mght want to | ook at m ght be cancer rates. You
may need to | ook at hypersensitivity, anaphylactic shock.
You may need to | ook at antibodies that occur and what
their specificities m ght be.

It's a lot of work to run down transfusion

reactions, but, unfortunately, | think you would have to do
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that in order to be able to answer the question of whether
or not you're doing nore harmthan good.

DR. ALTER:. Celso, | think what |I'msaying is,
you know, this is a very difficult algorithm and ten years
ago, the advantage of this nmethod, as Roger said, would
have been nmuch nore dramatic than it is today. However
ten years ago, we weren't worried about bacteria; we
weren't worried about Chagas; we weren't worried about
i ntroducing tests for HAV, parvo, and bacterial
decontam nation nethods. So this potentially--while it's
not going to get rid of tests like HV, HCV, HBV, it
potentially could prevent the introduction of tests for
Chagas, for bacteria, for--and give sone protection agai nst
t he unknown.

But what |I'mjust--but ny real point is, you
know, you can argue yes or no, but if we're feeling yes or
sort of yes or nostly yes, then | think this neeting is a
good start. And I think we need to set a tine franme, a
schedule. What is the m ninmuminformation you need to
bring this to light? Wat are the real toxicity issues?
Are they real? Are they not real? Because there's a |ot
of things you will not be able to answer in any reasonabl e
lifetime, certainly not in mne. And you got to bite the
bull et on some of this, and that's where Steve's stuff

cones in. |If you' ve bitten the bullet--and FDA has a nodel
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for this. You can't answer everything, so you foll ow what
happens afterwards. W' re not anticipating any najor
troubl e.

But | just think FDA needs to set up the
criteria, set up the panels, if possible. Can you
inactivate this, this, and this? And can you show us
reasonabl e safety? And then follow the people afterwards.

DR. BUSCH Dr. Sayers?

DR. SAYERS: Merlyn Sayers, Dallas-Fort Wrth.
Inevitably, this is a question for Harvey. You know, we've
heard about safety spoken in a nunber of different terns.
Ber ni e spoke about absol ute safety. Roger spoke about
elimnating viruses. You spoke about reasonable safety
just a mnute ago. And Dr. Heiden spoke about acceptable
safety.

So ny question really is: Who defines safety?
And by what standards are we going to neet this goal? And
is the identification of a publishable event sone
transfusion-transmtted virus yet to be discovered? Does
t he understandi ng that that m ght indeed be possible inply
that we are not neeting safety standards?

So I'mjust wondering, Harvey, how we set about
the definition of safety and how we nove to that goal

DR, ALTER Basically, I'Il define safety.

[ Laught er. ]
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DR. ALTER No, | nean, we know what things have
been transmtted. W know what things are still being
transmtted. And so we have sone neasures to say, you

know, you're starting out with an incredibly safe product,

but, for instance, bacteria, | think we're unsafe in terns
of bacteria. | think your presentation was beautiful this
nmorning, and | think this is a major thing. | think we

have to do sonet hi ng about bacteri a.

Do we introduce universal culturing? O m ght
i nactivation take care of that at the sane tine? But
sonething has to be done. That's one safety neasure.

Chagas is another concern we have now. | think
that's a real thing. W're tal king about introducing
testing for Chagas. WII| these nethods kill trypanosones?
If so, that's an additional safety neasure.

|"mnot worried nuch about hepatitis and Al DS
viruses now, but there still is a risk. W' ve seen cases,
three or four cases now of those, despite NAT testing.
Could we stay with mni-pool NAT testing if we had
i nactivation and not have to go to single-donor NAT
testing?

So there are bal ances on the costs, and | think
t here--though we're so nmuch safer than we ever were, we're
not absolutely safe. W never will be. But this would

bring us a step closer and probably a najor step cl oser.
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DR. SILVERVMAN: Toby Silverman, Food and Drug. |
have a question for the panel. Safety does not just
include viral or bacterial safety. It also includes safety
as neasured by lack of efficacy of a product. Wat bal ance
will you set between your viral or bacterial inactivation
or reduction and the effect of the product for the patient,
the efficacy of the product?

DR. BUSCH. Actually, | think that's a topic for
a later panel.

[ Laught er. ]

DR. BUSCH. | have one question for our European
col | eagues. The CE mark that the SIRUS (?) system has
obtained, is that--within Germany, is that sufficient to
all ow use of that product? | nean, one issue around this
denonstration of, you know, |ack of toxicity would be for
t hese nethods to be inplenented in Europe for a year or two
and we can watch and see what happens.

[ Laught er. ]

DR. HEIDEN. | do not really know how the ot her
countries handle with the CE mark, because the CE mark for
the bags and for the nedical devices is mainly accepted.
And now exactly in this nonment, there had been sone
difficulties wwth the acceptance of the CE mark for nedi cal
devi ces which are coated with bl ood derivatives. And

nowadays there are sonme congruence between the nedica
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product agenci es and the nedical device notified bodies.
And | think--1 have spoken very often with people from
these notified bodies, and, of course, they |learned a | ot
in the last six years because it's a new |aw, a new nedi ca
device law, and they |l ook for a lot of--for really Dutch--a
nunber of experts of production of this conpound, of the
production of the bag system of the honbgeneity of the
production, of all these aspects, and they | ook very well
on the pre-clinical studies, and they nmake al so assessnents
by physicians and so on and so on. They have to make a
ri sk assessnment on the basis of the clinical data, and they
make a |l ot of clinical studies, pre-clinical studies. And
they are doing a lot of in vitro experinents to show the
bi oconpatibility of the systens or to show the quality of
t he--not only of the conpound which inactivates but al so of
the platelets itself, of course.

And in Germany, it is so that we have over this
system of nedi cal device CE marking, we have to nmake a
mar ket i ng aut hori zation for the bl ood conponents, for the
bl ood--yes, bl ood conponents also. And we have--we're now
in the position that we | ook again to all these docunents,
whi ch had al ready been | ooked by the notified body. And
perhaps we will have sone nore ideas, but a very |large part
of the work is already done. And |I do not know how t he

ot her European countries regulate it because we have a very
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



parlianmentary system and we--okay. For instance, in
France, in Austria, and in--not in the Netherlands, but in
Spain, they have a nore central directed system and they
have nore force to regul ate sone aspects of this |icensing.
And we have to--we really have to | ook for our laws, for
our guidelines, for to make our assessments, to give the
mar ket i ng aut hori zation, and they have to take it to town,
the CE mark, which has been given by the notified body for
this nmedical device, for this conpound.

DR WLLKOWEN:. May | add? | think it is very
clear. The CE mark is for the blood bag which contains
t hese conponents. | n Germany, we have the drug | aw, and
the drug | aw covers al so the bl ood conmponents. And so the
bl ood conponents which are inactivated, of course, needs a
license. And the license has to be given by the Paul -
Ehrlich-Institut. And so it cannot be brought directly on
the market, but the situation is, again, different in other
Eur opean countri es because not all of them handl e bl ood
conponents as a drug. And so maybe that in sone countries
it can be used so, but I think that all the other agencies
will also consider sonmething, and | don't believe that it
is really conpletely sufficient to have this CE mark.

DR. BINITON: Steve Binion fromBaxter. Just a
clarification to your question, Dr. Busch. As the

reci pient of the CE mark in question, by current European
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| egi sl ati on and accordi ng to drug-devi ce demarcati on

gui del i nes, any of the pathogen inactivation systens by
definition fall into a Class IIl nedical device category
and, in fact, are being regulated at the EU | evel as drug-
devi ce combi nati ons.

So in our case, the overall systemregulatory
approval was as a highest-risk nmedical device, a Class III
medi cal device. But the anotosal en hydrochl oride sol ution
as a new chem cal entity was the subject of a separate
review and subm ssion process as a new chem cal entity by a
medi ci nes- conpetent authority. The drug-device conbination
approval process to obtain the CE mark requires the
notified body to consult with a recognize drug authority, a
medi ci nes- conpetent authority, and obtain a favorable
opi nion as to the approvable nature of, in this case, the
anot osal en hydrochl oride as a new chem cal entity.

So, in fact, what, you know, is referred to as
the CE mark was a conbi ned drug-Class Il nedical device
approval . Then, as has been previously reviewed by Dr.

W I | konmen, the individual nenber states, since they
regul ate bl ood conponents and the manufacturing and ot her
processes for preparing bl ood conmponents at the national
| evel, are then following the CE mark required to go

t hrough their approval process for the bl ood conponent.

DR. BUSCH. Thank you.
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One nore quick conmment, and then we'll break for
[ unch.

PARTI Cl PANT:  Meyer (?) Germany. | can add
to the pathogen inactivation of nethylene blue in Europe.
| can add, as was nmentioned by Dr. WII konmen, CE
certification is one basis in England, for exanple,
acceptance was further done by a red book nonography which
exists, and in France, it wll be still an additiona
nati onal regul atory besides the CE certification.

DR. BUSCH:. kay. Thank you. Thank you to the
panel. W' re scheduled to reconvene in 45 mnutes at 2
o' cl ock, so hopefully people can eat quickly.

[ Luncheon recess. |
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AFTERNOON SESSI ON

[2:15 p.m]

DR. BLAJCHVAN: Ckay. For the next two hours,
we're going to tal k about bacteria and bacteri al
contam nation of blood products, primarily cellular blood
product s.

As we're starting this concept--and, again, this
will be the third FDA neeting on bacterial testing, and so
far we have not taken any action around the world, and to
guote that fanous Anerican icon, Yogi Berra, "It's deja-vu
all over again."

| think we heard this norning and we're in a bit
of a bind because we're in the conflict area where we're in
the conflict between using the precautionary principle to
make deci sions and evi dence-based nedicine. And for years,
we had a probl em because we didn't have the evidence
relating to bacterial testing. | think the evidence has
been there, and as you'll hear fromthe next four speakers,
the evidence is really there that bacteria in bl ood
products do significantly harm and even kill people, and |
think hopefully we will, as a result of this neeting, see
sonme action relating to this.

| just want to nmake one other point, that it

seens--or maybe |I'lIl nake it a little later--that the FDA
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using the precautionary principle, have taken two deci sions
relating to variant CID, but despite the fact that there's
a consi derabl e anmount of evidence with regard to bacteri a,
have not taken a decision with regard to bacteria. And I
think it's time we did that.

So, with that as an introduction, I'd like to ask
our first speaker, who is Betsy Poindexter fromthe FDA, to
provide a list from CBER of the bacteria for testing
decont am nati on. Betsy?

M5. PO NDEXTER: Good afternoon. This is going
to be a presentation based on CBER s |ist of bacteria for
testi ng pat hogen reducti on nmethods, and, in addition, these
nmet hods--these bacteria are al so recomended for
manuf act urers who devel op and present to us bacteri al
detection systens.

In establishing this list, we took on the whol e
ball of wax. W took the universe of bacteria, an all-
inclusive list. Then we limted that |list to bacteria that
were al ready reported to have contam nated bl ood products,
particularly platelets and red bl ood cells.

W then [imted that list to bacteria inplicated
in transfusi on-associ ated sepsis and to bacteria that were
inplicated in transfusion-associated fatalities. There are
sel ect nodel bacteria based on experience as to how

difficult they are to eradicate, and | think that was
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mentioned this norning. Sonme of the spore fornmers are
particularly difficult.

In generating this list, we surveyed the
literature for bacteria that have been reported to
contami nate platel et products and red cell products. W
| ooked at case studies, nedical center reports, and review
articles.

We had the assistance of consulting with
m crobi ol ogi sts at the Center for Device Review at CDRH
Their m crobiology consults, Sally Sall apak and her
col | eagues have been very forthcomng with information on
particul ar bacterial growth patterns and sel ection of
bacteri a.

We' ve al so used the PHS Bacterial Contam nation
Working Goup which is a consortium of people from our
D vision of Enmerging and Transm tted Transfusion D sease,
the Center for Di sease Control, NIH extramural grants, and
Clinical Center Departnent of Transfusion Medicine. So
we' ve incorporated a | ot of input.

In 1999, we had a workshop, as Dr. Yontovi an
referred to, on bacterial contam nation of platelet
products. The list that's on the screen right now shows
you the nunber of fatalities, the nunbers of cases that
were reported, and the percentage of those cases that ended

up in fatalities. W had in the red cells Yersinia, the
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Clostridiumperfringens, and P. acnes, and one case of

enterococcus. In platelet products, there's Staph epi, E
coli, Bacillus species, Strep species, Salnonella, and P
mrabilis.

As you can see, if you combine the two groups you
have a significant nunber of fatalities that are reported.

This list gives the Gampositive and negative
groups fromthis conplied |ist of bacteria that we have
been asking the manufacturers to consider when they are
usi ng these inactivation processes or bacterial detection
processes, as well as a list of the protozoan. Each of
t hese have been reported either to have contam nated a
product, to have caused sepsis in a patient, or have
actually caused fatalities in the reports that have cone to
the FDA from 1976 to 1998. Also included at the R ckettsia
and the Ehrlichia. Those that are in blue actually caused
fatalities in the patients that received the products.

These are those sanme organisns in a |arger
format. As you can see, the E. coli, Enterobacter, and
Klebsiella, the Proteus mrabilis and Sal nonella and the
Serratia are the ones that caused fatalities in the reports
that we had received through '98.

Anong the Gram positives, the Bacillus species,

St aph epi, and Streptococcus pyogenes.
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To date, | don't think that we've had any reports
of protozoan fatalities, but I'mnot part of that group.
Peopl e from our conpliance group may know that.

And that's it for our list. These are avail able.
Joe WIlczek has a copy of ny slides, and if people want
copies of the lists, Joe will be able to provide themto
you.

DR. BLAJCHVAN:. Thank you, Betsy. W'Il| have
time for questions afterwards.

The second speaker of this session is Dr. Matt
Kuehnert, who's a nedi cal epidem ol ogi st at CDC, who was
deeply involved in the BaCon study, and Matt will talk
about sone of the results of the BaCon study, focusing
primarily on some of the bacteria that were identified
within the BaCon study.

Mat t ?

DR. KUEHNERT: Thank you very nuch, M.

Wiat |'d Ilike to do today is go over sone
sel ected BaCon study results--we've heard a little bit
about BaCon t hroughout the norning--and focus on findings
that may help direct intervention, focusing, as |'ve been
di rected, on pathogens detected; but, nobst inportantly, to
put an enphasis on the clinical context.

"1l start sonmewhat unconventionally by starting

wi th the punch Iine, which was to determ ne the rates of
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transfusion-transmtted bacterem a over a three-year tine
period. And just very briefly, what we reported--and this
is in cases per mllion; people are probably nore famli ar
with the "one per"--it comes about to about one per 5
mllion red cells with one per 8 million of fatalities.
And between singl e-donor platelets and pooled platelets
were not statistically significant and canme out to be about
one per 100, 000 cases, one case per 100,000 and one case
per 500,000 for fatalities.

But there's a couple things to consider here.
One is that the nunber of cases were relatively small
There were wi de confidence intervals. Wen you consider
platelets, the lower limt the confidence interval went to
about one case per 60,000. The other to consider, | think,
which is nmuch nore inportant, is to consider what the goal
was as far as patient outcone. And since we're just after
lunch and | have to sort of wake people up, | made the font
as large as possible, which is that BaCon descri bes
reaction rates and etiol ogi c pathogens for docunented
septic reactions and not for all reactions due to bacteri al
contam nation. And | think that explains sone of the
di fference between BaCon rates and sonme of the other
st udi es.

And | think that's inportant al so when you

consi der the pathogen |ist because these are pathogens that
M LLER REPCRTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



actual ly caused bacterem a or sepsis in recipients. So
when we | ook at reports, we have to consider whether the
reports are tal ki ng about either rates or pathogens in
units causing a positive culture but no reaction in the
reci pient, caused a fever or sonme otherw se minor clinical
synptom overt sepsis, or fatality.

| just needed to show this slide. | think if Dr.
AuBuchon got a royalty every tine this slide was shown,
he'd probably fairly wealthy by now But basically it's
showi ng that even the conservative estimte of sepsis, we
get down to the point where viral pathogens are bel ow the
rate of bacteria. And since |'ve seen the updates this
nmorning, | could update the curve and it would be even nore
of a disparity at this point as far as bacteria being a
nore common cause.

So what does clinically inportant reaction nmean?
| just wanted to briefly go over the BaCon study criteria
as far as what that actually neant. A recipient needed to
have any of the follow ng signs and synptons: fever,
rigors, tachycardia, or change in systolic blood pressure.
And al so sone | aboratory criteria in addition to the
clinical criteria: culture-positive blood product,
reci pient blood culture growi ng the sane organi smas that
recovered fromthe bl ood product, and |I think that's an

i nportant point as far as our confirnmed cases; and,
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finally, that the organismpair in the product and the
reci pient be identical by pulse-field gel electrophoresis
for nol ecular fingerprinting.

So these are fairly rigorous criteria, but I

think it's inportant when you distill it down to those
confirmed cases, you have what your--1 think we can be
relative--well, now very confident that these organi sns

were causative in causing the patient's reaction. And,
again, making the point that this is a nulti-factorial
organi zational process, we cast a wde net with the
clinical service in that any of a nunber of synptons coul d
trigger the start of it, but in the final confirmation,
there had to be a fair amount of |aboratory evidence that
this was an actual case.

So here's what we finally canme up with. All
subm ssions were not included. CQut of the 56 that were
eval uabl e as far as synptons and availability of product in
bl ood cultures; 79 percent nmet clinical criteria, and 61
percent were confirnmed by nol ecul ar typing.

So that left us with 34 reports which were
confirmed--19 single-donor platelets, 10 pooled platelets,
and 5 red blood cells. Recipient nmedian age was 48, range
3 to 90 years. Cender was split evenly, and the nost

common underlyi ng di agnoses were mal i gnancy, by far, and d
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bl eed was second nost conmmon. And nine, or 27 percent, had
a fatal outcone.

Here are the bacteria inplicated. It was fairly
evenly split between G am negative and G ampositive,
whi ch, again, | think differs fromnnany other studies, and,
again, to enphasize, we're | ooking at recipients who had
bacterem a or overt sepsis. The G am negative organi sns
included E. coli, Serratia species, Enterobacter species,
Provi dencia, and one Yersinia. And this was a bit of a
change fromwhat | think had pronpted the study, which were
a cluster of Yersinia cases in red blood cells, and we only
saw one. And | think this is sonmewhat interesting, the
change i n epidem ol ogy.

And the Grampositives saw a fair anount of Staph
epi, also Staph aureus, Streptococcus, and an assortnent of
ot her Gram positives, including Streptococcus pneunoni ae.

So one inportant part of the analysis | wanted to
enphasi ze was what the risk factors were for fata
transfusion reaction. Now, on the univariate analysis,
what we found was, first of all, that G am negative
organismin a product was strongly associated with
fatality, and also if the recipient was ol der, they were
nore likely to die.

Then there were sone other things that nade us

scratch our heads and nade us think, well, do we have the
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vari abl es coded the wong way around, because it didn't
seemto make any sense. One was recipient was nore at risk
for death if they had a shorter tine fromstart of
transfusion to reaction, a smaller volune transfused, and a
shorter platelet storage tine.

And | think what it's all about here is it's al
about the G am negatives, which overwhel ms every ot her
variable. And I'll have an exanple here of storage tine.

You have for platelets, the median storage tine
was four, relatively prolonged; overall, the range being
fromtwo to five. But when you split it up between G am
negatives and Grampositives, you have a great disparity:
2.5 days of storage for Gramnegatives versus G am
positives, five days, which is the conventional w sdom
| onger platelet storage is associated with bacteri al
cont am nati on

Wen we see a p value like this, it's certainly
sonet hing we take notice of. So in the nmultivariable
nodel , we took all of these things into consideration, and
the only thing that fell out was the appearance of a G am
negative organism A recipient was al nost eight tinmes as
likely to die if they had a G am negative organismin the
product. Recipient age also cane out--it nearly was

significant, but not quite.
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T4B

What | wanted to provide here, |'ve gotten a
nunber of inquiries about, you know, certain specifics
about organi sns and type of product storage tinme and
fatality, and just go over basically what was seen in the
anal ysis, which is that fatality was very unusual in Gam
positives and very usual in Gam negatives. So you see
very few fatalities here. No fatalities anongst the
si ngl e-donor platelets. And here I'"'mgoing to introduce a
concept which | think by nowis famliar to everybody who
was here in the norning, which is that it's the endotoxin
that kills people.

In every case in which a recipient died and we
were able to have the product sent to us and were able to
nmeasur e endot oxi n, endotoxin was present in every one of
those cases in significant nunbers, as you can see here, in
the thousands. So | think it's relatively clear that
endotoxin is very inportant in causing significant
reactions.

One thing the BaCon study was not able to do is
to find the sources of contam nation, which I think is very
inmportant in trying to design interventions. And, you
know, for nost of the event they're unknown, but there
have--of course, there are reports in the literature, and
generally it can be divided into donor bacterem a in which

Gram negatives nostly, such as Yersinia enterocolitica and
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E. coli, are inplicated; and, rarely, Gampositives, such
as Strep pneunoniae. Skin contam nation is al nost al ways
Gram positive organisns, with sonme exceptions, but nost

st aphyl ococcal species; and, finally, processing, in which
both Gram positives and Gamnegati ves have been

i mpl i cated.

| wanted to close ny presentation by perhaps
stimul ating sone discussion about changi ng epi dem ol ogy and
the need to really | ook on a regular basis at the
epidemology to see if it's changi ng.

One issue that canme up in the mddle of the study
was whet her there was an association of G amnegative
organi sns with single-donor platelets, and that's sonething
that we | ooked at closely, and in the final analysis it
didn't cone out as significant. There was a difference in
proportion, but it was not statistically significant in
conpari ng single-donor platelets versus pool ed pl atel ets.

But it's also interesting to | ook at the
di stribution per year, and although the association with
Gram negatives in single-donor platelets did not pan out,
it's interesting to note this increase in the |ast year,
which it was alnost all Grampositives in single-donor
platelets. So it sort of tended to even out, although it

was very choppy in the three years.
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So | think, you know, the years we chose in which
there was, | think, a fairly fundanmental change in the
denom nator in the use of single-donor versus pool ed
platelets, | think was sonewhat influential and needs to be
taken into consideration in designing surveillance in the
future.

In summary, the data suggests, both BaCon and
ot herwi se, that platelets are the problem by orders of
magni tude; that the nbst conmmon organi snms causi ng bacteri al
contam nation are staphyl ococcal species, E. coli, Serratia
species; and in red blood cells, now Serratia species are
t he nost common, not Yersinia anynore.

As far as fatalities, platelet reactions are
significantly associated with G amnegative organi sms,
associated with high | evels of endotoxin. These are the
bugs that kill people, and they' re associated with very
short storage tines, which | think indicates a mnimal tine
required for the lethal effect of endotoxin producing G am
negative organi sms--not only organisns, but I want to
enphasi ze the endotoxin itself. The bugs don't have to be
alive. [It's just the endotoxin that can kill people.

And t he epi dem ol ogy may be changi ng. There
certainly is a shifting use of platelet product types, and
whet her there's a predilection for certain organi sns

dependi ng on the product is not clear. W don't know. |
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don't think the BaCon study had enough cases or was done
| ong enough to be able to tease that out.

And as | said, the interventions with the
greatest inpact, as far as fatality, | believe will be ones
t hat prevent transfusion of products contam nated by
endot oxi n and target at processing--collection and
processing steps in which this contam nati on may occur

And, finally, the final plug, that the
nmeasurenent of intervention inpact will be critical to
eval uate the effectiveness of any intervention that takes
pl ace.

Just a remnder that this was a nmulti -
organi zational effort with a lot of collaborators, and |
thank themfor their effort in this study.

Thank you.

[ Appl ause. ]

DR. BLAJCHVAN. As you can see fromthe overhead,
our next speaker is Dr. Paul Ness, who is director of the
Transfusi on Medici ne Service at Johns Hopki ns Medi cal
Institutions, and Paul will talk to us about the
bacteri ol ogy of septic platelet transfusion reactions, and
t hese represent his experience at Hopkins.

Paul ?

DR. NESS: Thank you, Mo, and I'd like to thank

the organi zers of the neeting for inviting ne to cone here
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to present our data, which is really the result of a |ot of
peopl e's col | aboration--our m crobiology | ab, our
Transfusion Medicine Division--and | want to particularly
acknow edge the contributions of Dr. Hayden Brain, who's an
oncol ogi st, who taught ne early on that this is a problem
that is very inportant and worth preventing.

|"d also like to thank sonebody for allow ng ne
to survive ny lunch of N H pizza.

[ Laught er. ]

DR. NESS: Wat |I'mgoing to talk to you about is
a cohort which began in 1986 where we started to
investigate all febrile transfusion reactions to platelets
and studi ed them prospectively by culture of the platelet
bag.

The febrile transfusion reactions were defined by
the presence of a fever rise of greater than one degree
Centigrade, or chills, or rigors, and we had a hi gh index
of suspicion when a reaction occurred that this mght be a
contam nated reaction and would then do a culture.

Qur definition of what was aseptic platel et
transfusion reaction is a little different than the BaCon
study, and perhaps nore inclusive, but we said that
confirmed septic platelet transfusion reactions were
identified by isolation of the same bacteria fromthe bag

and the patient's blood, which occurred in about a third of
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the cases, but in about a third of the cases probably
because the patient was on antibiotics or we just couldn't
have enough bacteria to grow fromthe bag, we confirnmed a
positive culture in the bag by a positive Gamstain in the
bag at the same tine. And this allowed us to elimnate a
nunber of the false positive cultures you get if you
routinely send bags of platelets down to the m crobiol ogy

| ab.

Around the same tinme, we al so, because of sone
reports of reactions we had encountered before all of this
started, initiated a programto convert platelet
transfusions to single-donor platelets. On this slide, you
see the overall experience. At Hopkins we transfuse a | ot
of platelets. W looked at it in two-year periods because
towards the end of the periods, as you'll see, the nunber
of events gets very small. But in 1987 and 1988, when we
started, we gave out 11,641 pools of random donor
pl atelets, 12,451 single-donor platelets, a total platelet
transfusi on exposure of 25,000 platelets over two years and
a percent of single-donor platelets of about 51.7 percent.

Over time, as a result of our intention to try to
reduce the nunbers of randomdonor platelets and to
i ncrease the nunber of single-donor platelets, you can see
that eventually in the period '97-98, we ended up with

30, 000 single-donor platelets, only 193 pools of random
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donor platelets, and a percent of single-donor platelets at
Hopki ns of 99.4 percent.

In terns of the reactions, here you see the sane
| ast colum fromthe previous slide. 1In the first year,
when we were using 51 percent single-donor platelets, we
had five reactions due to random donor platelets and none
due to single-donor platelets, for an incidence of
reactions of 1 in 4,818 platelet transfusions. And,
gradual ly, as you can see, as the percent of single-donor
pl atel ets went down, the nunbers of septic reactions due to
randonms obvi ously went down. We weren't using them And
t he nunbers of single-donor platelets causing the reactions
went up. But the nunber of septic platelet transfusion
reactions went fromoriginally about 1 in 4,818, when we
started at 50 percent single-donor platelets, to 1l in
15, 098.

| show this graphically here. This is 23
reacti ons which occurred during the 12-year period. The
ones in this orange col or are due to the random donor
platelets, the ones in this sort of Iight blue color due to
t he single-donor platelets. And you see that originally
there was all randons and gradually shifted to single-donor
pl atel ets.

Here is the sane curve only | ooking at those that

were fatal versus those where patients survived. W had 23
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reactions. W had four fatalities out of 23. So of the
patients who had these septic platelet transfusion
reactions, 23 percent were fatal, and usually within 12
hours of the transfusion, which led us to believe this is a
very serious event.

This is a slide which I think brings a |ot of
internal control to the data. Wat | show here is the
total nunbers of donors who provided the platelet products
at Hopkins in this two-year period, which, as a result of
our going fromrandom platelets to single-donor platelets,
is decreasing. So we started it in the first two-year
period with about 80,000 donor exposures to transfuse our
patients and ended up with about 30,000 donor exposures.

VWhat | think is very interesting and serves as a
very nice internal control is this bottomline here, which
shows the nunmber of reactions per donor exposure, which
stays constant right around 1 in 15, 000. So that as you
see, as you dimnish the nunber of random donor platelets
and donor exposures, the nunber of reactions goes down, but
the reactions per donor exposure stay constant.

Now, in terns of the bacteriol ogy, these are the
23 cases we tal ked about. W had 15 cases where we believe
that the organi smwhich was involved was a skin
contam nant, 10 cases of Staph epidermdis, 3 cases of B.

subtilis, two cases of other skin flora that | didn't have
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roomto spell out here, and | thought the nanes woul d
change by the tinme | got back.

Ei ght cases, however, were due to bacteremc
donors, and | think this is sonmething that we need to take
cogni zance of because a ot of the efforts we do to
sterilize skin or think about diverting the first part of
t he bl ood coll ection would not handl e t hese cases, and
these were 8 cases: 3 of Staph aureus, 2 of Strep
pyogenes, 2 of E. coli, and 1 of Strep pneuno.

Here | show you the reactions to the four
bacteria that caused the fatal septic platelet transfusion
reactions. W had one case--actually, two cases of Staph
aureus, one case of Staph epi, one case with E. coli. As
you can see, two of these reactions canme from pl at el et
pools; two of these fatal reactions canme from singl e-donor
platelets. One of these reactions, we could actually grow
the organismin the patient. Three of them we grew the
organismin the bag and confirmed, as | said, fromthe
earlier definition that the Gcamstain of the bag at the
time of the culture was al so positive.

| al so, because of the previous remarks, added
anot her col um which | haven't shown you here in terns of
the length of storage. This Staph aureus here was five
days. This E. coli was stored for three days. This Staph

aureus was four days. And this Staph epi was two days.
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So unlike the BaCon study, three of the four
fatal reactions we had were actually G ampositive
organi sns, and the periods of storage tended to be
relatively |l ong as opposed to the BaCon study for our fatal
reactions.

So, in conclusion, I've shown that wi th single-
donor platelets, the incidence in our setting fell in terns
of septic platelet reactions to 1 in 15,000. Now, as
you'l'l remenber, when we started the first year when we
were at about 50 percent, the rate was about 1 in 5, 000.
And if you back-cal cul ate what the risk would have been if
we shifted, instead of going to single donors, back to al
random donor platelets, the risk would have been 1 in 1, 606
reactions. The reactions were caused by skin contam nants
in two-thirds of our cases, but bacterem c donors can cause
one-third of the septic platelet transfusion reactions, and
|"ve already remarked as to what | think this inplies in
terms of our attenpts to prevent these. And three of the
four fatal reactions actually arose from bacterem c donors.

The final coment | want to nmake is that |'ve
heard a nunber of ny coll eagues because of the skin
contam nant say that Staph epidermidis is benign, and I
don't think Staph epidermdis gets enough respect. | don't
even have enough respect to spell it correctly.

[ Laught er. ]
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DR. NESS: Which | apol ogize for, and ny
m cr obi ol ogy col |l eagues will get on nme for it. But | think
it's inportant to recognize that G am negatives--1'msorry,
G am positives in these skin contam nants are inportant
pat hogens in platelet transfusion and need to be handl ed
appropriately.

And just a final slide, we have two publications
on nmuch of this work: an earlier publication from JAVA by
John Morrow et al., and then a later publication in
Transfusi on 2001, where nost of the data | just showed you
are published.

Thank you.

[ Appl ause. ]

DR. BLAJCHVAN. COkay. The fourth speaker of this
session is Dr. Mndy CGol dnman, who's the associ ate nedi cal
di rector from Hema- Quebec, and M ndy is going to be
presenting the Canadi an data that will include data both
f rom Hema- Quebec and Canadi an Bl ood Services. These two
services, nost of you know, provide all the blood products
that are distributed in Canada, and her talk is based on
t he henosurveillance systemthat's in place in Canada, and
she will review the data that's currently avail able on
bacterial contam nation.

M ndy?

DR. GOLDMAN: Thank you very nuch, M.
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Sonme people may know that | trained with M.

It's been a few years now. And he infected me with his
interest in bacterial contam nation, and everybody who
knows Mo knows that his convictions are very deeply held,
and so they tend to be very infectious.

|'"d also |like to thank the organi zers and, as M
nmenti oned, my coll eagues at Canadi an Bl ood Services, Dr.
Hune and Dr. Sher, for sharing their data with nme, so this
really is a Canadi an summary.

Now, what we know about bacterial contam nation
in Canada conmes from surveillance cultures and adverse
event reporting.

| f you |l ook at surveillance cultures, they're
done in three different |aboratories across Canada: two
usi ng bacterial blood culture systens and one using the old
fluid thioglycollate nmedium They're not al ways done at
the optimal time, | would say, to find contam nants, so for
si ngl e-donor platelets, they may be done close to the
production tinme. For the whole bl ood-derived platelets and
for red cells, they are done at the expiry date of the
conponent .

These are the results of the surveillance
cultures for the last two years. So for red cell units,
there were close to 5,000 products cultured, and there were

three positive cultures. \Whole bl ood-derived platelets,
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you could see that there were seven positive cultures out
of over 4,000 conponents. And thronmbapheresis platelets,
there were three positive cultures out of over 6,000
conponents.

Here you see the percentage contani nation, which
appears to vary fromO0.05 percent for thronbapheresis
platelets up to 0.17 percent for whol e bl ood-derived
pl atel ets. However, the nunbers are very small, and that's
why | cal cul ated the 95 percent confidence interval, so you
can see that all these nunbers are actually overl apping,
and there's not really a statistically significant
difference in these nunbers, so you can't really draw too
many concl usions fromthis.

However, the results have stayed pretty much the
sane conpared to the previous two or three years in Canada.
They' ve dropped a tiny bit, but not, again, in a
statistically significant way.

So the overall rate is 0.09 percent, which is a
nunber that | think is found in other studies in the
literature.

Now, if we | ook at what the organisns are in the
red cell units, they were pretty nuch skin contam nants.
One is fungal. | guess maybe | shouldn't have included it,

but anyway, it was one of the positive cultures.
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Here in the whol e bl ood-derived platel ets, again,
really skin contam nants: Propionibacterium Staph epi--
|"mnot going to read all these to save tinme and al so
because they're hard to pronounce. You have themin the
handout .

Here's the thronbapheresis platelets, and, again,
three are really skin contam nants.

Now, if we turn our attention to the adverse
event reporting, the circular of information that the
hospitals get says that all serious reactions, including
bacterial contam nation, should be reported to the bl ood
supplier, and then the bl ood suppliers report these to
Heal t h Canada.

There are standardi zed fornms that are used for
reporting, but there's not really a standard protocol for
investigating the reactions. And in the province of
Quebec, which is where | work, there's a henovigil ance
network that has been set up over the past couple of years,
and this includes 22 safety officers who are in the |argest
hospitals called the designated hospitals, and one of their
functions is adverse event reporting. And these type of
prograns are being set up in seven other Canadi an
provinces, but it started a little bit earlier in Quebec

than in sonme of the other provinces.
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So I'mgoing to show you first the reactions,
transfusion reactions from Quebec, and then the rest of
Canada, and you'll see that there's quite a difference in
t he frequency of adverse event reporting.

So just to show you--this is over three fisca
years--over the three years what has happened in terns of
t he nunber of severe reactions reported in the province of
Quebec to Hema- Quebec, so to the bl ood supplier, and this
is not all bacteria, but all severe reactions.

So you could see there were 27 here, 47 here, and
67 here, and | don't think our product has gotten | ess safe
in that period. | still work there, but you could see that
the reaction rate has gone up by | eaps and bounds because
peopl e are | ooking nore closely for reactions.

Now, if we | ook at the subset of these that are
due to bacteria, out of these 17 there were five that were
possi bl e bacterial contam nati on, and out of these five,
two were probable bacterial contamnation. And I'll just
define what | mean by possi bl e and probable.

Probabl e is sonething that could be part of the
BaCon study; in other words, the sane bacteria was isol ated
fromthe recipient and fromthe conponent, and there were
clinical synptons that were highly suggestive of bacteria

cont am nati on
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Possible is the kind of things that we tend to
get in the real world when you work in a bl ood center--that
is, the product was cultured and bacteria was found; the
reci pient was cultured and that was negative; but the
recipient is on antibiotics. So I'mnot quite sure what to
make of that, but | didn't want to discard those, so | put
t hem as possi bl e.

O, conversely, the recipient was cultured and
had a positive culture; the product had a negative cul ture;
but I'"'mnot quite sure what the protocol was at the
hospital for culturing that product. |In sone cases, a
segnent was cul tured, which is obviously inappropriate.

So I've included those, but obviously not all the
possi bl e ones are real.

So if we go through themand we start with the
pl atel et pools, we had 11 reactions in this three-year
period, and these are the two that | would say were
definitely due to bacterial contam nation, and they were
both fatalities, septic shock and fatality, with the
platelet pools. In the first case, it was S. epidermdis,
and this actually was witten up as a letter to the editor
in Transfusion, and it was very clear that this bacteria
was present in the conmponent, in the recipient, also in the
red cell and plasma conponent fromthe sanme donor and the

sane species of the organismwas on the donor's skin. So
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that was definitely a fatality due to bacteri al

contam nation. And the second one was S. aureus that was
found in the conponent and in the recipient, with septic
shock starting during transfusion |leading to death. And
both these patients were fairly elderly, inmunoconproni sed
patients with hematol ogi c mal i gnanci es.

Now, here are ones that are really possible but
not necessarily confirnmed, so you have the synptons that in
some cases--such as here where you have just fever and
chills--could definitely be febrile non-henolytic
transfusi on reactions not due to bacteria. You have others
where you have just hypotension, so the synptons are
possi bl e but not necessarily due to bacteri al
contam nation. And you have positive cultures on the
conponent in all these cases, but not--either it wasn't
done on the recipient in a few cases, or it was negative in
the recipient but the recipient was on antibiotics. So you
have Bacillus, Streptococcus, two different bacteria, a few
coagul ase- negative Staph, and Mraxell a.

To continue, these are two reactions with
pl atel et pools where the recipient culture was positive,
but the culture of the conponent was negative. And |I'm not
sure how well the conponent was actually cul tured.

There was one reaction with the thronbapheresis

unit where the sane Bacillus was isolated fromthe
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conponent and the recipient. In ternms of plasma, it's
surprising but there was one reaction with a plasma unit,
an FFP unit, where the sanme bacteria was isolated fromthe
conponent and the recipient, and one other plasma reaction
where the culture in the recipient was not done because the
reci pient was on antibiotics.

| f you look at the red cell reactions, we didn't
have any reactions with red cells where the sane bacteria
was isolated fromthe conponent and fromthe recipient. So
you have several where there was a bacteria in the
conponent, not in the recipient, and then several where
it's the other way around. And the synptons here coul d be
due to bacteria, or it could be this patient had septicem a
conpletely unrelated to their transfusion

Now, if you | ook at Canadi an Bl ood Services--and
this is where | said there's a big difference because we
had 20 possi bl e/ probabl e reacti ons conbined in the three-
year period, and Canadi an Bl ood Servi ces had ni ne.
Canadi an Bl ood Services has about over three tinmes our
vol ume, so we transfuse about 100, 000 random donor pl atel et
concentrates per year and about 2,000 single-donor platelet
concentrates, and Canadi an Bl ood Services transfuses over
three tinmes that. So there's quite a disparity there

So there were two reactions with platel et pools,

and the sanme bacteria was not shown in the conponent and in
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the recipient in these cases. And there were seven
reactions with red cells, and there was only one of the
seven where the sane bacteria was found in the two, and |
think this was a reaction that was reported by M. And
others, mainly with Gram positives, there was not a culture
done in the recipient.

So just to sunmarize the organisns that were
found and all these reactions--and there's nore organi sns
t han reacti ons because in sone cases nore than one bacteria
was isolated--there were 29 Gram positive organi sns whi ch
were mainly the type of organisnms you find as part of skin
flora, and there were six Gramnegative organi smns.

So just to summari ze, the overall frequency of
bacterial contami nation in the surveillance cultures was
0.09 percent. The reporting and the investigation of the
adverse reactions was not uniformthroughout the country,
and that just shows how difficult it is to come up with
i ncidence figures for these kind of reactions and how the
nore you | ook, the nore you find. And the organisns that
were nost frequently identified in both settings were
either part of skin flora or are organi snms such as Bacillus
that are sort of ubiquitous in the environnent.

Thank you for your attention.

[ Appl ause. ]
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DR. BLAJCHVAN. We're very nmuch on tine, even
t hough we started 15 mnutes |late. The organizers will be
happy wth that, | think.

|"d like to start the panel discussion by
inviting all the speakers up, and we've also invited
several other people other than those who spoke at this
synposi um  Roslyn Yontovian, who spoke this norning, David
Lei by, who spoke this norning, and Mark Brecher. 1'd |ike
t hose people to conme up, please.

We have a series of questions that have been put
out by the organi zers, but perhaps before we do that, since
we didn't have any di scussion or questions to each of the
speakers, | wonder if people--before we deal with the
formal questions, as it were, I'd like to invite people to
cone to the m crophone to ask specific questions to the
speakers.

Perhaps | can start while people are nmaking their
way to the m crophone, if they are. Matt, your data is
quite different fromnost reported data, as you know. |
think in ny opinion, your data represents the m ni nal
frequency of bacterial contam nation. To use the iceberg
anal ogy that Dr. Yontovian tal ked about this norning, I
suspect that nost of the cases that you describe represents
the tip of the iceberg, and I'd invite you to comrent on

that and maybe get Dr. Yontovian to coment as well.
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DR KUEHNERT: |'d agree that it represents the
tip of the iceberg. 1'd say instead of the top, though, of
the iceberg, it represents the tip of the iceberg that
actually spiked the Titanic. So | think it's inportant to
enphasi ze once again that these cases represent severe
reci pient norbidity and should not be conpared apples to
oranges in looking at, for instance, surveillance cultures
or even in |ooking at, you know, single-center prograns
where they have routine either surveillance or protocols in
pl ace where they aren't--they don't have as restrictive
criteria on recipient norbidity or have--or take into
consi deration needing to have matchi ng organi snms by pul se-
field gel electrophoresis.

So | think that's an inportant point to nake in
| ooki ng at conpari ng nunbers.

DR. BLAJCHVAN. So with regard to platelets, for
exanple, which is the biggest part of this, 1 in 100,000
rate event is the absolute mninmum and the rate i s going
to be significantly--the actual rate in practice is going
to be significantly higher than that.

DR KUEHNERT: That's right. | think so. |
nmean, | think that that represents an estinate of the
nunber of recipients who have severe sepsis, and | think

there were limtations to the study because of the design,
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but I think that's a good starting point for the incidence
of events causing severe sepsis.

DR. BLAJCHVAN: Roslyn, do you want to nake a
conment ?

DR. YOMITOVI AN: Well, | think the BaCon study is
a very good study given its owmn limtations which it set on
itself, and if one reads the papers carefully, it clearly
states in the papers that this is a mninml estimte and
the problemis likely greater. That was clearly stated in
t he paper that was published.

But another limtation, of course, of the BaCon
study, which I think has been |largely overl ooked, although
occasi onal people have pointed it out, is the [ack of
recognition clinically of these events. And, you know,
it's not just the rigorous criteria which threw out a | ot
of cases that al nost certainly were due to contamn nated
products. It's clinicians just not recogni zing that a
reaction may be due to a contam nated product, and that
still persists today in spite of numerous articles,
wor kshops, et cetera, on this. That is an incredible
chal I enge, and that was, you know, one of the things that I
| earned t hrough the years.

We picked up cases with our prospective
surveill ance where, when you went back and | ooked at the

chart, there were clearly synptons. But they were
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overl ooked, and that is a mmjor educational issue that has
to be addressed.

Can | ask a question to one of the panelists? Do
| get a chance to do that?

DR. BLAJCHVAN:. Yes, but naybe we can ask the
audi ence to get audience involvenent first, and then we'l]l
come back to you

DR. KUEHNERT: | just wanted to add one thing to
what Dr. Yontovian said. |In reading the excellent
publication on sort of what started your interest in this,
if I remenber right, after an education programwas put in
pl ace, the detection rate increased, | believe it was 20-
fold afterwards. And so | think that's an excellent point,
and | think that certainly affected rates, too, as clinical
recognition--

DR. BLAJCHVAN: And Dr. Gol dman's point of having
sonebody to actually nonitor shows that very clearly when
you conpare the Hema-Quebec data with the CBS data in
Canada.

M5. JACOBS: WMary Beth Jacobs, U S. FDA. Dr.
Yontovian referred to our not having a systematic approach
inthe US., and ny question is for Dr. Goldman. |'m
aski ng whet her Hema- Quebec has had a systematic approach to
prevention, and have you used your transfusion safety

officers in the hospitals for that?
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DR. GOLDMAN:. Ckay. There's really two separate
things. One is Hema-Quebec, the blood supplier, and the
second is the whol e henovigil ance network that the
governnent is setting up. W work very closely with them
but we don't control themor in any way responsible for
t hem

In terns of Hena- Quebec, what we've done, | think
we' ve optim zed our skin disinfection protocol a nunber of
years ago, and it's the sanme one that's used throughout
Canada. W' ve encouraged our bl ood supplier to nmake bags
with the derivation pouch, and we've validated those, and
they're in production and we'll be switching to all bags
with a derivation pouch for whole blood collections in the
next few nonths. And we've also started routine cultures
of all thronbapheresis platelets, and we do that on one
site now and will be extending that to our other site in
t he next few nonths.

| have to say, in all honesty, that the majority
of our platelets are not thronbapheresis platelets. W're
i ncreasi ng our percentage of thronbapheresis platelets.
They' re now about 20 percent of our production. What we
would Iike to do is we would like to target those platelets
to the sickest patients, the bone marrow transpl ant and
hemat ol ogi ¢ mal i gnancy patients. And then we'd like to

gradual |y i ncrease our thronbapheresis programso that nore
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T5A

patients would be getting products that had had bacteri al
cultures. So that's been our approach.

In terms of the governnment and the henovigil ance
network, | think what that has all owed hospitals to do is
to see where the actual problens are, and problens at the
hospital end, because here we're tal ki ng about residua
risks that are very small and that actually peopl e never
see. | nmean, we don't see H 'V or hepatitis Cin the
hospitals anynore. But when you start | ooking you see a
| ot of ABO errors and you see a |l ot of anaphylactic
transfusion reactions and a | ot of volunme overload and
things that they could then take action on the hospita
level. And | think that if you don't collate those things,
they never really get any press, sort of. So that's the
ot her part of the approach.

DR. BLAJCHVAN: Dr. Goodrich?

DR. GOODRI CH: Ray Goodrich. [I'mwth Ganbro
BCT. This may be a variation on Question 2 that's up
there, but | wanted to ask in a slightly different way
because it is sonething that--

DR. BLAJCHVAN. Can you get closer to the
m crophone? |'mnot sure we can here.

DR. GOCDRICH: Certainly. It is sonething that
| " ve asked several of you, | think, independently, and |I'd

li ke to get the broader perspective.
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



When you're dealing with a product that is
bacterially contam nated at the point of donation, is there
a way of estimating what the titer of bacteria nay be in
that product? And does it differ if it originates froma
skin plug versus an enteric infection? |Is that known?

DR. BRECHER: | don't think anyone really knows.
You can estinmate backwards for a given organismif you
wanted to. There have been sone papers that have | ooked at
the tine it takes to positivity on a culture nachine. So
if you picked it up on a culture machi ne and you know how
many hours it's taken positive, you can extrapol ate back
down on that particular organism That's alittle
| aborious. \Whether the growh curves are different com ng
out of a skin plug or whether there's a bacterema, | don't
think there's any hard data on that. But you woul d expect
that probably in the bacterem c state, the bacteria is
getting out sooner and may have a bit of a junp-start on
growmh. But | don't think anyone really knows.

DR. BLAJCHVAN:. Anybody el se on the panel have
any opinion on that?

[ No response. ]

DR BLAJCHVAN.  Cel s0?

DR. BIANCO Yes, | have a quick conment about

BaCon and then a question for you.
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BaCon was a voluntary reporting study, and that's
the major problem | was associated with a |arge
institution in a large netropolitan area. None of the 200
hospitals in that area participated in the study because
they said they did not have the resources to do the
addi tional culturing and study for each one of the patients
that had a change in tenperature of 2 degrees Fahrenheit,
that | renmenber. So that's, | think, a nmajor problem So
you are seeing the mnuscule tip of the iceberg.

My question for you, My, because you were the
first speaker, is: You challenged us that we've tal ked
three tines about bacterial contam nation but have not done
anyt hing about it. And maybe the challenge is that we
don't know exactly what to do about it.

There are sone approaches, |ike the diversion
bags, that we will know-and particularly after we | ook at
all the nunbers today--would apply to a limted fraction of
t he bacterial contam nation and would not solve the
problem There is a culture approach that you have used
and several here have used, but not routinely. A big
i nvestnment, when to do it, howto do it, and those are the
types of questions that we wanted to hear--answers, not
questions. And now we have anot her approach that is
pat hogen reducti on. Should we abandon all the other

approaches? Should we focus on this one?
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DR. BLAJCHVAN: | wel cone that challenge, and I'd
like to get the panel to comment on that. But perhaps |
could, since | raised the issue, |I'd |like to respond.

| think it's very--for nore than ten years, |
have been speaking at these sorts of neetings, not only at
FDA neetings but el sewhere, saying that we need to do
sonet hi ng about bacterial testing.

VWll, we don't have a perfect test, as we all
agree. The problemis that if we're waiting for the
perfect H'V test or the perfect HCV test, we still wouldn't
be testing for H'V or HCV because we're still getting
patients--two, three recent patients in the United States
got HI V.

So | think it's inportant to start, and I think
if you wait for the blood industry to nmake a decision to
start, it's not going to happen. And I have chal |l enged
Jay, and |'ve done the same challenging in Canada, to say
that the regul atory agencies need to sort of say we need to
do sonet hi ng.

Now, a strange thing has happened that may
surprise people, but I think--and | felt that we should do
some culturing; direct culturing is the approach, and there
are a variety of these techniques avail abl e.

|, however, now feel that direct culturing is

probably not the way to go. | think the way to go at this
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point in tinme, because we have techniques that are
avai |l abl e for pathogen reduction, that rather than conme to
the point of pathogen reduction and say, well, we don't
need it because we're 90 percent effective, assumng it's
90 percent, therefore, we don't need it. So let's not
spend our noney on doing bacterial testing by culture.
Let's take the junp from bacterial testing, and let's do
i cense--assumng the sorts of issues that were clarified
this norning. But even the pathogen reduction technique
that is close to being licensing, | suspect, is not a
perfect technique. 1t's the first generation of the way
we're going to be doing things over the next five or ten
years fromnow. And | think it's inportant that we start
doi ng that.

So | think we--the point I"'mtrying to make is
I"mtrying to chall enge people is to say we need to do
sonmet hing and we need to do sonething before we kill that
many nore people. W' ve been waiting for evidence-based
data. Well, the evidence-based data has been--you' ve just
heard a lot of it. There's alot of it that's out there
that hasn't been heard. And | think it's inportant that we
start doing that. And the only way to get this done in
either the United States or Canada or el sewhere in the
world, in my view, effectively is for the regulatory people

to say this needs to be done. And to wait for a perfect
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solution is not the way to go because we're not going to
see a perfect solution in the very foreseeable future.

|"d like to get people on the panel to comment as
well. Mark? Ros?

DR. YOMTOVI AN. Ckay. Let nme followup a little
on what Mo just said and nmake a coupl e of points.

First of all, I don't think we'll go hone from
this nmeeting and pat hogen reduction, even if everyone
agreed here that it was wonderful, would be inpl enented
tonorrow. It wll take, | believe still, significant tine
to deal with a lot of the issues that have been raised by
several people.

So while we're still waiting for that, which I
t hi nk many of us would agree is closest to the ideal that
there mght be to destroy the pathogens, what do we do in
the interin? And as | was sitting listening and tabul ati ng
the data that all the speakers presented in this
afternoon's session, | counted that one-fourth to nearly
one-half of all cases of platelet bacterial contam nation
are due to coagul ase-negative Staph or Staph epi. And sone
of those have been fatal. Now, granted, not a nmgjority,
but sone of those have been fat al

| nmentioned in a new paper that just canme out
that the diversion nmethod seens to be particularly good,

whi ch nmakes sense if one is diverting away a skin plug or
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bacteria related to a skin plug, in getting rid of not al
but much of the coagul ase-negative Staph.

Now, for years, maybe not quite ten, but
certainly a | arge nunber of years, |'ve wondered: That's a
no-brainer to, you know, redesign a--close to a no-brainer,
a bl ood collection set. Wy hasn't that been done and
maybe a better question now is why shouldn't it be a
standard if you--you know, you know that it is sonewhat
effective, we'll find out how effective. And it really
doesn't involve any risk whatsoever. So that's one point.

Then just a quick second point if |I can get this
in. In the fatalities reported to the FDA, | notice there
was no Pseudonobnas aerugi nosa, and | know that two cases
we' ve reported through the years that were fatalities were
Pseudonpbnas. So | can talk to you | ater about that. |
don't know what happened to those.

DR. BRECHER: Ros, | also noticed there were sone
m st akes on the FDA slides. For exanple, they did not I|ist
Staph aureus as a fatality reported to the FDA, and yet it
made up 17.3 percent of the fatalities.

That aside, one of the problens that was really
enphasi zed in the '99 neeting, when we were all poundi ng
the tabl e and saying do sonmet hi ng and nandat e sonet hi ng,

was that the FDA cane back to us and said, But there's
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nothing licensed. W can't mandate anything until
sonmething is |icensed.

Well, point of fact, there is one bacterial
detection systemthat is now |icensed, which is the
Bi oMeri eux, formerly Organon Tekni ka, BacT/ ALERT system

Now, | have to say conflict of interest, |I did a
| ot of the research for themto get that |licensed, and |'ve
been a consultant for them So having said that, we can do
sonet hing, and we can do it as an interimneasure now. |If
| take the liberty of conbining sone of ny data with Jim
AuBuchon' s--1 don't think Jimwould m nd--between us we
have cul tured now over 5,000 apheresis platelets on day
two, and we have interceded on five Staph epi-contam nated
pl atel ets, and we know Staph epi kills people for a rate
of, you know, 1 in 1,000 that we've been able to intercede
on.

So we can stop these things, and we don't have to
wait for the inactivation to cone along. W could rol
this out virtually tonorrow.

DR BLAJCHVAN. Jay?

DR. EPSTEIN. Well, earlier, M, you chall enged
us that it was deja-vu all over again, and Yogi Berra al so
said, "It isn't over "til it's over."

My point is that we have been naking increnenta

progress, but it doesn't seem|like progress because we're
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not where we want to be. And it does echo Mark's remarks.
We have been | ooking within the agency at the feasibility
to i ssue guidance on the skin prep, specifically the use of
the tincture of iodine as opposed to the povi done iodine.
W have nade progress on maki ng avail abl e bl ood bags with
di version systens. As in Canada, we | obbied the industry,
and there are bags bei ng made avail abl e.

We al so brought to the Bl ood Products Advisory
Committee the question whether we needed validation data on
reduction of bacterial contam nation or whether we could
sinply approve themfor what they actually do, which is
divert a part of the collection wthout breaking a closed
systemand with unidirectional flow. And we did nmake the
determ nation that we woul d approve t hem based on
validating their operational characteristics and w thout
the necessity for the manufacturer to further claim
reduction in bacterial contam nation of the product.

So, you know, that's the standard under which we
wi || approve diversion systens, and that's been made known
publicly, and there has been novenent toward naking the
bags.

Wth respect to bacterial contam nation
nmonitoring, it is, | think, alittle bit nore conplicated.
What we approved as a device approval was the use of a

system for quality control nonitoring of the rate of
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bacterial contamnation. That's not quite the sane thing
as a product claimfor routine culturing as a rel ease
criterion. And the subtle point there is that the
val i dation has not yet cone forward, at |east to the stage
of applications, in terns of when and how you do the
culture. So the trick in terns of meking a rel ease
criterion is to know what you get based on how you do it,
and we're not quite there.

But, on the other hand, the systemis approved
for surveillance nonitoring, and we do think that if nore
routine use is made of surveillance nonitoring, the overal
contam nation rates would fall, because |I think we have
seen that they vary a lot by center, and there's probably,
you know, a training and experience el enent--for exanple,
the data on the phlebotom sts--and that if there were
process nonitoring making the contam nation rates visible,
there would be a driver toward | owering themthrough better
practi ces.

So, again, | think, you know, my nessage here is
that there is increnental progress. It is our current
thinking to issue a guidance in all three areas, in fact,
on use of a nore effective skin preparation, on use of--
voluntary use of a diversion pouch, and then we're thinking
to i ssue guidance on use of a culture systemfor routine

contam nation rate nonitoring. And we |ook forward to
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bei ng able to approve systens for routine culturing as a
quality control of products, and we would |ike to see that
linked to extension of platelet dating. And we know t hat
there are studies that are |ooking at the quality of
platel ets with extended dati ng.

So, again, ny point is that we are meking
progress but we aren't at endpoints, and, of course, we
want to see endpoints.

DR. BRECHER  Jay, there may have to be a
paradigmshift if you're going to do a detection system or
a culture system The way they're doing it in Europe is
they're releasing the platelets before the culture is
finalized, and if it conmes up positive, then you call it
back. And that's what they' re doing in Quebec.

DR. EPSTEIN. Again, we could dive into the
details. There are many scenari os that have been proposed,
but the point is that if a product sponsor wants to neke a
claim they have to define howit will be used.

DR. BLAJCHVAN: Jay, wi thout soundi ng
di srespectful, | have a problemw th this because you
i nvoke--"You" being the FDA--the precautionary principle
when deci sions are made vis-a-vis variant CID. You don't
take the precautionary principle to its extrene; otherw se,
you' d ban everybody who visited Great Britain even for an

hour or had a hanburger at Heathrow. But you' ve taken that
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deci si on when there has never even been a case of variant
CJD transm ssion anywhere in the world. Yet you're taking
the position vis-a-vis bacteria, and you have |ots of
evi dence that this harns significant nunbers of people and
the precautionary principle doesn't apply in that
particul ar--you seemto be bendi ng over backwards, avoi ding
doing this, but taking the precautionary principle approach
and say, well, we need better data, better systens, and al
this.

| see a problemw th your position on--or an
i nconsi stency, | guess is the right word that 1I'm | ooking
for, between the position that FDA and, for that nmatter,
Heal th Canada took vis-a-vis variant CID position versus
bacteria. | wonder if you would respond to that.

DR. EPSTEIN. Well, | think that there have been
per haps inconsistencies in the forces acting on different
i ssues--put it that way--that on any given issue, you know,
you have a scientific dinension, there's an economc
di rension, there's a political dinension, and then, you
know, sonething stirs the mx. Wether that's public fear
or, you know, perceived risk, |I'mnot sure.

So | think that there's truth in what you say.
It goes beyond that. | nean, how do we | ook at ALT? How

do we | ook at anti-core? How do we |ook at m ni-pool
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versus S/ D NAT? You could argue in various cases that we
aren't coherent in our thinking.

That said, the standard of being proactive that
was applied to variant CID | eaves you in a quandary whet her
you shouldn't just do everything el se you can inagi ne on
ot her fronts.

| think that | would just come back to the point
that Cel so made. The dil emma about bacterial contam nation
has not been over whether we ought to do sonething. |
think we all agree that we should. It's been a debate over
what exactly we should do. And, you know, no one |likes a
heavy-handed regulator. |If we're going to mandate
sonething, we really think we need strong rationale, and |
think that there's been enough of a debate over specific
met hods and whether they're tinely and what's their yield
and how good are the validation data, that it's been a
debat e over what exactly to do.

And perhaps we're past that point, but as has
been said, you know, we're now engendering a new debate.
You know, do you use old nethods when there are new ones
right over the horizon? And, you know, how different is
t hat than, say, you know, surrogate markers for H 'V before
there was a specific serologic test? That's a famliar

debat e, too.
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So | don't know the right answer. | just know
that, in fact, we have revved up since the last scientific
wor kshop, that there are things in the works, and that our
current thinking is to nove forward with at | east gui dance.

DR. BLAJCHVAN. Thank you for those comrents.

Merlyn, you've been standing there patiently.

DR. SAYERS: Mo, |'ve watched you transition from
noderator to prosecutor

[ Laught er. ]

DR. SAYERS: Let nme ask Paul two questions.

Paul , what was your yield in terns of culturing those
individuals with febrile transfusion reactions as neasured
by how nmany you had with positive cul tures?

DR NESS: In terms of --

DR. SAYERS. And then |I've got a question after
t hat .

DR. NESS: --suspect patients who had the febrile
reactions?

DR. SAYERS: Right, how many cul tures?

DR. NESS. It's probably fairly small, probably
on the order of, | would guess, 1 or 2 percent. | haven't
| ooked at that rigorously. W were probably having a
coupl e hundred reports of febrile reactions a year,
probably | ess, probably about a hundred platel et reactions,

and we probably had at the peak five that were positive.
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DR. SAYERS: Ckay. And then the other question
has to do with those asynptonmatic, ostensibly healthy
donors who were, nonethel ess, bacteremc. | wonder if
there's any evidence about the presence of bacteremia in
hospitalized patients who do not obviously have a source of
infection. One could argue that that m ght be a reasonable
control group.

DR. NESS. In nost of these patients, when we
were able to go back to the donor--for instance, we had one
that was due to Strep pyogenes--we were able to find a
donor who was afebrile, didn't have a sore throat, but next
day or so devel oped a whopping sore throat and had a high
ASO titer and clearly we got him -he gave platelets early
and they were bacterem c and he then got sick.

So, in nost cases, we were able to make a cogent
argunent that the donor who we think had caused the
reaction clearly had caused it--

DR. SAYERS: And that's not in doubt. | was just
wondering, if you took a group of non-transfused
hospitalized patients who did not have obvi ous infection,
how many of those you mght identify as being bacteremnic.

DR. NESS: Well, how many who were not transfused
and we just cultured--well, I think you heard earlier that
there's a fairly high and significant rate of false

positive blood cultures, depending on who does it. So
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don't think that's any new news. You know, | think what we
tried to do to nake sure that our cases were really cases
was the use of the sinultaneous Gram staining of the bag,
whi ch showed organi sns physically there even though we
couldn't grow themin the culture.

Then, since | have the mke, | just wanted to
point out in terns of the BaCon study, of the four
fatalities that we had, three of themwouldn't have been
eligible. But they clearly died because of contam nated
pl at el et s.

DR. BLAJCHVAN:. After the next question, | want
to turn formally to the formal questions. A question?

DR. DIAMOND: Well, this is probably going to
lead into the first question, anyway. D ck D anond, FDA
One of the comments, certainly it's easy to identify the
list of clinically relevant pathogens from cases that have
been docunented of sepsis, fatal sepsis arising from bl ood
contam nati on and contam nated transfusion.

On the other hand, there are nmmjor intra-species
differences in virulence, virulence factors and
susceptibility to all kinds of antimcrobial agents. It's
certainly well denonstrated for antibiotics, but it's
equal ly well denonstrated--and | have firsthand experience
in the |aboratory with this--with in vitro oxi dant -

generating systens where in many cases there are strain
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di fferences that are dependent on the relative bal ance
bet ween--and rates of DNA damage and DNA repair, |ikew se
di fferences in endotoxin content, endotoxin structure,
endot oxi n rel ease under certain conditions.

When we test antimcrobial agents of other types,
we | ook at panels. There are different ways of selecting
these panels. Sonetinmes they're arbitrary. It strikes ne
that we ought to do this in a sem-rational way and di scuss
how this is done and what requirenents there are in the
standard list. And | was curious as to whether the
panel i sts cone down in that regard.

DR. BLAJCHVAN. Paul, do you want to try--

DR. NESS: Well, | was thinking the sanme thing
because, as | saw these lists go up, | thought of maybe
we're all sort of doing bird watching and collecting a |ist
of birds that we've seen, which isn't necessarily useful if
we want to figure out how to--1 guess we don't want to Kill
the birds, but it would seemto ne that one needs help
probably beyond the expertise of nost of us in this room
but hopefully not at the FDA, of figuring out if we're
going to come up with a list of bacteria to test
eradi cation systenms and/or detection systenms which have
sort of unifying biological principles, so that, you know,
a bacteria that netabolizes this way would be killed, you

know, by this process, would not be killed, and |Iikew se a
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bacteria that has a certain characteristic would be
identifiable by this nmethod and not by another.

That seens to be nore--1 think the incidence
reporting is useful to sone limted extent, but | don't
t hi nk that can be the whol e answer.

DR. DIAMOND: And if you're defining standard
test conditions, growth conditions can have an enornous
difference in susceptibility to any antim crobial agents,

i ncl udi ng oxi dant - generating systens. And they, dependi ng
on the oxidant-generating system the penetrability of
oxidants or the relative rates of DNA repair and DNA damage
may vary enornously.

DR. YOMIOVI AN.  Just to follow up, another
conceptual difference between the virus story and bacteria
story is when you treat--do an inactivation process to kil
or elimnate virus, it doesn't matter when you do it. You
can do it, you know, right after the collection. Wen
you're doing it to eradicate bacteria, it my matter very
much because if you don't eradicate every |last bug, it's
possible that if there's a delay in transfusion, it m ght
regrow. So that just becones another variable or paraneter
to need to carefully study before one of these technol ogies
i s promul gat ed.

DR. BRECHER Also, Ros, if we're really worried

about a skin core, U light may not get into that core.
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DR DIAMOND: |I'msorry. | didn't--

DR, BRECHER If there is a skin core comng up a
needl e as the source of the bacteria, if that core is
sitting in a bag and you W-radiate it, or whatever energy
source, it mght not penetrate that skin core.

DR. DIAMOND: And by the sanme token, neither
m ght any ot her oxi dant-generating system

DR. BLAJCHVAN. Matt?

DR. KUEHNERT: | wanted to add, | thought--Dr.

Di anond, | thought that was a very good point about, you
know, different strains within species having different
characteristics. W have not done those types of studies
at CDC on isolates in the BaCon study, but we never throw
anything away as far as isolates. So, you know, | think
the idea of having sone sort of isolate consortium not
only CDC but other groups who have saved their isol ates,
it's a very good idea to see what differences in
characteristics are.

DR. DIAMOND: | mght add, fromyears of doing
research, passage within a |aboratory changes all these
properties or can change themdrastically. So if we're
devel opi ng standards, we have to be--it doesn't nean it's
inpossible to do. It just nmeans there are a | ot of things

we have to be cognizant of if--
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DR. BRECHER: There are not a whole |ot of
organi snms, to be honest. | nean, we have this bird-
watching list, but if you |l ook at what organisns really
kill people in a significant nunber, 95 percent of them are
made up of about eight organisns. |It's mainly, just
| ooking at the FDA data, it's 53.5 percent were
Ent er obact eri aceae and 26.9 percent were Staph, either ep
or aureus.

DR. DI AMOND: Yes, you can define the species,
but within those species, which representatives are you
going to choose? Because the inocula that you have to use
to infect an experinental animal or to get killing in vitro
is going to vary enornously within different sets of
strains and different sets of growth conditions.

DR. BRECHER: And you need pl asma-resi st ant
organi sns that won't roll over and die when they see
plasma, and that's typically a problemwth
Ent er obact eri aceae.

DR DDAMOND: It's a lot nore than just plasm
resi stance.

DR. BLAJCHVAN:. \What about the second part of
this Question 1? |Is a conprehensive list of bacteria
necessary, or can a subset of nodel bacteria be used? Do
we get a consensus on that? Do we need every organi sm

that's ever been described to cause septic reactions, or
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can we conme up with a subset of--and perhaps even in that
subset, a nunber of different isolates of the sane

organi sns that have been commonly reported to cause
reactions? |I'magetting a nunber of heads shaking, so |
think the answer to that--the consensus nay be yes. Dr.

Lei by, you haven't said anything. Do you have any thoughts
on this?

DR. LEIBY: Subset.

IVS. :  Subset.

DR. BLAJCHVAN:. Subset. Subset to include maybe
a nunber of different isolates even fromthe sane organi sns
of the nore common variety.

DR. LEIBY: Yes, | would concentrate on the
organi sns that are known to have caused fatalities in the
U S For FDA data, | would use the FDA data for FDA
subm ssion, essentially.

[ Laught er. ]

DR. BLAJCHVAN. We'll turn to Question 2, which
reads: \What |level of efficacy is appropriate for a
bacteri al pathogen reduction process? |Is there a tine the
i nactivation nust take place in order to prevent bacteri al
outgrowth, to prevent an adverse outcone from endot oxin?
And can inactivated cells continue to produce endot oxi n?
perhaps the | ast question is the easiest one. | doubt if--

does anybody want to tackle sone of those questions?
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Anybody i n the audi ence who have experience w th pathogen
i nactivation have any thoughts on Question 2? No coments?
Steve, thank you

DR. WAGNER.  Well, | certainly have sone star -
growing strains in my lab that are able to go fromone CFU
per mL to 10® CFU per nL in a single day. And so if you
were to get an apheresis platelet, for exanple, and store
it overnight because you didn't want to be bothered by sone
i nactivation technique, and then the next norning treat, it
could very well be very high levels. | would suspect there
woul d be considerable |levels of endotoxin in there as well.

DR. BLAJCHVAN: Thank you.

Question 3, shoul d--

DR YOMIOVI AN. Can |--Md, sorry.

DR. BLAJCHVAN: |I'msorry. Roslyn?

DR. YOMIOVIAN: | just want to nmake al so a
corment on that. That's a very difficult question because
there are so many different variables. As Steve just
poi nted out, you have the endotoxin issue, which, you know,
is a big issue, obviously. But fromvery, very old, old
studi es on bacterial contam nation that | know you're
famliar with, you have this |ag phase phenonena, and are
t hose bacteria susceptible to being killed?

So, you know, are very low | evels susceptible?

Is it too |late when the level is very high? And | don't
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have really the answer to that. | think there needs to be
nore research done on this. Unless it has been done and
peopl e have the answers, | think nore work needs to be
done.

DR. BLAJCHVAN. Dr. Murphy?

DR. MURPHY: Mo, | think Patrick Hi bb (ph), when
he was in Calgary, published that in Yersinia the | ag phase
may be due to the fact that the surviving Yersinia are, in
fact, in platelets and also in | eukocytes, which brings us
back to the story of the skin plug, if you like. You have
to be able to address nutualization of Yersinia in
platel ets or attached to platelets or attached to
| eukocytes as part of the process, the validation of the
process.

The other point I1'd like to nake is you're going
to do the inactivation after |eukodepletion if and when you
begi n uni versal | eukodepl etion and before issue, before you
pl ace the stuff in inventory.

So that's where it's going to take place, and
it'"s inportant, if you like, to validate the process. But
| think Dr. Yontovian's point is extrenely inportant. |f
you're going to store--which we are--products after
inactivation, it's inportant that the efficacy gets them

down to zero, particularly if we're going to want to extend
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the storage |ife of platelets on the basis of bacterial
i nactivation after seven days.

DR. BLAJCHVAN. Dr. Corash, do you want to shed
sonme light on this topic?

DR. CORASH: Well, | just want to respond to the
issue that Dr. Yontovian raised. First of all, | think as
everybody who's worked in the area knows, you want to have
vi abl e bugs, and so you want to be--you want your i nocul um
to be obviously in a growth phase so that it's in good
condition. But at least | know our own experience is that
with very low levels, the technology is very effective.

VWhat one tends to do is put in high | evels of
bugs because you're |l ooking for that margin of safety.

Now, there's also very, | think, good data in the
literature about this | ag phase, and although I don't think
anybody knows--and | think Mark tried to speak to this--you
know, what the level of contam nation is inmediately at the
time of a collection. But people have cul tured products
early on, and I think sone of the work that Don Buchhol z
did many, many years ago indicates that at |least in the
early phases of contam nation, we're | ooking at sonewhere
bet ween 10' and 10° CFU per nL. Mark is saying maybe a
little bit--

DR. BRECHER: O | ess.
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DR. CORASH: O potentially less. But, also,

t hi nk everybody woul d agree that to be able to do a process
as soon as possible after the tinme of collection, once you
have the product in what would be a closed system would be
t he nost advant ageous way to go.

DR. DI AMOND: Just a comment. In organisnms in
stationary phase, whether in a small inoculumand in early
| ag phase, or if they've grown up to stationary phase and
are no |longer growi ng, are nmuch nore resistant to any
antimcrobial nmechanism That includes antibiotics where
there is a decided inoculumeffect, but also a major effect
particularly for cell wall active agents on whether or not
they're in active grow h.

And there's al so increased--a decreased
susceptibility to oxi dant-nedi ated danage with non-
replicating DNA. So it does matter when in the phase of
grow h that the organisns would be treated. It doesn't
mean that any of these things wouldn't work, but it makes
sense to do it during an early growth phase.

DR. BLAJCHVAN. Wth regard to this question
about can inactivated cells product endotoxin or continue
to produce endotoxin, does anybody have any experi nent al
data relating to that question? Dr. D anond?

DR. DI AMOND: The rel ease of endotoxin during the

killing of organisns is well denonstrated with anti biotics,
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and they're not only cell wall active antibiotics, plus the
fact that it's not just peeling off, because there's an
unaccount abl e | ag phase between the tinme of the treatnment
and the docunentation of cell wall damage and the maxi mum
amount of rel ease of endot oxin.

You can al so show endotoxin rel ease from oxi dant -
damaged organi sms where presumably DNA fragnentation is the
initial event. And, again, the time course doesn't fit
totally with breakdown of the cells. So it's alittle bit
hard to tell

So while you woul dn't be generating new endot oxi n
wi t hout growth of new organi sns, you m ght be rel easing
progressive anounts up to a finite limt, depending on the
i nocul um

DR. BLAJCHVAN. \What about Question 3, spore
formng? | don't know--there's Steve WAagner, you suggested
this norning that pathogen reduction systens may not be
ef fective--or pathogen reduction may not be effective for
spore form-has this been | ooked at formally, do you know?
O, Larry, has your group done anything in this regard?

DR. WAGNER: We did do an experinment. W' ve
actually now done nul tiple--

DR. BLAJCHVAN: One experinent?

DR. WAGNER: Well, multiple experinments with

Baci |l us cereus, which is sonmething that does appear on the
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list. And we did it, and it was done by a group that we
worked with in Sweden. W didn't do the experinent the
right way the first tine. W put in a high |level of

i nocul a of a spore-form ng species and then inmmediately did
t he pat hogen inactivation. And it was--it shouldn't have
been a surprise because spores are very inpenetrable, and
we had residual viable bugs. W killed between 3.6 and 3.9
CFU per nL, but there were viable bugs that were left.

We then did a study on the time dependency of
those bacilli and those spores to enter the vegetative
phase, and we found out that within three hours in the
pl at el et products, they all appeared to be in the
vegetative phase. And when we did the pathogen--

DR BLAJCHVAN: After the treatnent.

DR. WAGNER: No, no. Before treating.

DR. BLAJCHVAN: Before treating.

DR. WAGNER: So we inocul ated the spores, and
then did inactivation at various tinmes, and by three hours
our observation was that we could kill everything and hel d
the product for five full days and saw no residual bacteria
in the product.

So we believe that at |east for that one strain,
t he spores germ nated and went into the vegetative phase
within a three-hour period of tine and were susceptible to

pat hogen i nactivati on.
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DR. BLAJCHVAN:. But spores thensel ves appear not
to be suscepti bl e.

DR. WAGNER: The spores do not appear to be
uniformy susceptible. Wether or not sone subset are
susceptible, we don't know. But the spores thensel ves do
not appear to be susceptible, at |east to our technol ogy.

DR. BLAJCHVAN. Having heard that comment, does
t he panel want to deal with whether there should be
requi red efficacy agai nst spores? Paul ?

DR. NESS: | think the question is the other way
around, and | don't know the answer to it, but what percent
of the--how often do clinical reactions occur because--
strictly because a spore on the donor's skin presunmably |ed
to an overgromh and a reaction? | don't know that--1
don't know that answer. Maybe sonebody el se does. But |
think that's what you really need to assess to understand- -
to answer that question.

DR. BLAJCHMVAN. The only case that |'m aware of
where spores probably were inplicated in a fatal septic

reaction is a case in London where d ostridium perfringens,

presumably the cleansing of the armdid not kill the
spores, and that entered into the bag. I1t's a case of John
Bar ber's.

[ 1 naudi bl e comrent . ]
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DR. BLAJCHVAN: No, we don't know if it--we don't
know if it was spores.

[ Laught er. ]

DR. BLAJCHVAN: The presunption in the article
and the discussion was that it was because the cleansing of
the skin did not kill the spores. Do we know that for
sure? No.

A guestion or comment?

M5. SCHI LLING Yes, ny nane is Susan Schilling.
' m -

DR. BLAJCHVAN. Cone closer to the m crophone,
pl ease.

M5. SCHI LLING Susan Schilling. I'mwth
bi oMeri eux, so I"mnot going to go into conflict of
interest here, but specifically relating to spores, it's a
real tricky issue because probably he's right that the
spores woul d becone vegetative in the platelets that were
i ncubated at roomtenperature, so they'd be killed by the
i nactivation. But in a whole blood unit, I don't know.

And we deal a lot with another industry who had
one death due to a Costridiumthat it was the spores that
were not killed by the process that they treated their
tissue with. And it's been a huge investigation ongoing.
So that would be sonething | would definitely consider, but

| don't know how frequently you find C ostridium spores,
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al though they are pretty ubiquitous in nature, so they
could be easily on the skin.

DR. BLAJCHVAN: Thank you for those coments.

Question 4 here, will a bacterial reduction
process that is ineffective against certain types or forns
of bacteria be useful clinically? Anybody want to talk--
Mar k, you're shaking your head.

DR. BRECHER |'d just say yes.

DR. BLAJCHVAN:  Yes.

DR. BRECHER:  Yes.

DR. BLAJCHVAN: A partial effect is--

DR. BRECHER: Going partway is better than not
going at all.

DR. BLAJCHVAN. Than not going no effect at all.

It's 4 o' clock--oh, Roslyn, you were going to ask
a question, and I didn't--

DR. YOMITOVIAN: | snuck it in. | asked Betsy
about the Pseudononas.

DR. BLAJCHVAN: Ckay.

DR. YOMIOVI AN:  And so we'll take care of that.

DR BLAJCHVAN: It's 4 o'clock--two m nutes
before 4:00. 1'Il call this session adjourned, and we get
back together at 4:20 to hear the industry representatives

on Phase |I/IIl studies.
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T5B

Thank you very nuch. Thanks to all the
partici pants as wel | .

[ Recess. |

DR. BIANCO |If you could take your seats, we are
going to start the |ast part of our workshop today, and
certainly after all our discussions and points raised, now
we'll talk about the neat. The manufacturers of those
t echnol ogi es and products are going to present to us what
t hey have and the data that they have.

It's a great pleasure to invite Dr. Larry Corash
from Cerus Baxter to talk to us about these technol ogies.

DR. CORASH: Thanks very mnuch, Cel so.

| am an enpl oyee of Cerus Corporation, and |I'm
al so on the faculty of the University of California, stil
see patients, but don't get paid. So that's ny financi al
di scl osure.

We' ve been working in devel opi ng technol ogy for
pat hogen i nactivation of the labile blood conponents for
over ten years now, and in collaboration with Baxter Health
Care, and you'll see the reason for that partnership in a
nmoment as to how it applies scientifically.

W' ve been wor ki ng on devel opnent of systens for
all of the labile blood conponents. W conpleted work | ast
year, actually, and received approval this year for the CE

mar k, as you heard this norning, for buffy coat platelets,
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and that has now been supplenented with a suppl enentary
appl i cation for single-donor platelets in Europe.

In the United States, we've finished Phase I
clinical trials with single-donor platelets. The plasna
system which uses the sane technol ogy at the pl atel et
system is nearing conpletion of its last of three Phase
1l studies |ooking at therapeutic plasm exchange, and the
red cell program which uses a slightly different, albeit
simlar, scientific rationale for technol ogy, has just
entered Phase IIl clinical trials in the United States.

And the clinical trials for plasma and for red cells in the
United States are being used to support regul atory
subm ssi ons in Europe.

The rationale for our technology, which is a
nucl eic acid-targeted technol ogy, is that pathogens and
| eukocytes require nucleic acids for their replication. W
have desi gned our conpounds to target and nodify nucleic
acids to prevent replication in these pathogens and in
contam nating | eukocyt es.

By and large, red cells and platelets are
termnally differentiated cells. They don't contain a
nucl eus, and they appear not to require nucleic acid for
delivering their therapeutic efficacy.

The technol ogy we've devel oped, we use the

nonmencl ature of Helinx technol ogy as a shorthand
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description. 1In the platelet and plasm system we use a
psoral en conpound. You heard about that this norning.
It's gone by the nane of S 59 for many years. |Its officia
name right now i s anotosal en

S-59 was part of a synthetic devel opnment program
that was headed by Sue Wallowitz (ph) and grew out of a
| ong experience in psoral en photocheni stry that canme from
the University of California at Berkeley wi th John Hurst
and Steve |saacs.

In the red cell conpound, we use a chemi stry
that's based on sonmething called frangi bl e anchor I|inker
effectors that was devel oped at Cerus by Sue Wallow tz and
her team That conpound is S 303.

One of the things that attracted us to this
t echnol ogy for psoral en-based technol ogy was that when we
started this work back actually in the late '80s, 8-
nmet hoxy-psoral en had been in nedicinal use to treat chronic
refractory psoriasis, and there was an experience,
obvi ously, of human use exposure. It's also the case that
the average U S. citizen eats about two mlligrans of
psoral en a day. Now, you don't eat S-59. That was
synthesize. So there are differences, and there are a | ot
of psoralens in different foods, and psoral ens have
different efficacies in terns of pathogen inactivation, and

they al so have different toxicity profiles. And so the
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comments that we're making today are very specific for S-
59.

Now, for both of these technologies, just a few
key points illustrated on this slide. W have | ooked for
conpounds where basically we can have tenporal control of
reactivity as a way to build safety into the system and we
do that in two ways

For S-59, which is a photoactivatabl e conpound,
the first step is intercalation, and that's a dark process,
and it's in dark equilibrium And there is no coval ent
addi tion during that phase. And renenber again that this
is a treatnment process that occurs ex vivo. So it is
turned on for S-59 by the addition of [ong wavel ength
ultraviolet light. That's light from 320 to 400
nanoneters. It is the light which gives you a suntan under
t he appropriate circunstances.

Wth the addition of that |ight, you get coval ent
addition. You can get a nono-adduct and you can al so get a
crosslink. You can get a di-adduct.

Based on research that we've done, both nono-
adducts and di -adducts are effective in bl ocking
replication because the nono-adducts will bl ock
pol ymerases, and you can nake psoralens that will only form

nono- adducts, and we've denonstrated they can be effective.
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What one strives for is getting a |evel of
nodi fi cati on which overwhel ns repair nechani snms, and we
bel i eve that we have acconplished that.

In the red cell system we started out | ooking at
phot ochem cal approaches, but we wanted to stay within the
envi ronment of packed red cells, and photochem stry in a
bag of packed red cells at a hematocrit of 65 to 80 percent
is a very, very major challenge. And so we devel oped a
nucl ei c acid-targeted chem stry that uses a cl ass of
conpounds that we devel oped which are very stable at | ow pH
but when added to blood at neutral pH, rapidly intercalate,
form coval ent adducts with nucleic acid, and then
conpletely break down. And so that's how we get the

tenporal control

At the end of the process--and we'll describe the
process in alittle nore detail later on--we do not find
detectable S-303 left. It's converted to a negatively

charged breakdown product called S 300, and it's negatively
charged and has no coval ent addition to nucleic acid.

So, again, that's an ex vivo process, and in a
mnute you'll see sonme other aspects of the system which
give us further control over safety profiles.

Now, this is the system which has been devel oped
and been through the CE marking process in Europe. It is

an integrated container set. As | think Steve Wagner
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mentioned this norning, obviously a big part of this

chem stry is that you have to have transparency to
ultraviolet A light everywhere. And Baxter has great
expertise in plastics and manufacturing these types of
cont ai ners and obvi ously was a very ideal strategic partner
for us in developing this type of technol ogy.

This is a set that requires a single sterile
connection here with platelets that are collected, and we
use nom nally 35 percent plasma and 65 percent of a
bal anced salt solution that we call InterSol. It is a
derivative of a platelet additive solution that's been in
use in Europe for sone years, but it's has acetate as a
substrate, and it's had phosphate added to it as buffering
capacity.

We have our anotosalen in a |ight-protected
little pouch. The entire platelet product flows through
this pouch into an illum nation container. This then gets
clipped off.

The illum nation container is mxed, and then
this cassette of three containers goes into a UVA
illum nation device. This is mcroprocessor controlled.

It shakes. One of the things that we wanted was shaking so
that we'd get even distribution and m xing and we don't get
shielding in the product. [It's very inportant, obviously,

that you can treat the entire product and not have probl ens
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with shielding. And we have designed experinents to
eval uate that as we go through the process.

Now, during the process of photoillum nation,
sonet hing very interesting happens, and that is that S 59,
anot osal en, photodegrades into six characteristic
phot oproducts. Those photoproducts are not reactive with
nucleic acid, and there is a residual of about 20 percent
of the anotosalen left over after you do the process.

That process is extraordinarily reproducible and,
in fact, is in a certain sense an internal dosineter. In
fact, we use it for calibration of these systens.

Qur pre-clinical safety program was designed to
test S59, to test the pre-illum nated product, the post-
illum nated product, and showed very good safety |evels.
But in nmedicine, a nunber of years ago we decided that |ess
is always better, and so we devel oped a contai ner that we
call the CAD containers, which is a conpound absorption
device, which is a solid wafer. And after the illum nation
process, the platelets are transferred into this CAD
device. This is clipped again with a heat seal, and the
pl atel ets are then incubated for a m nimum of four hours,
during which time the residual S-59 is further reduced
anot her 100-fold, so that the final amount of S-59 in this

contai ner, when it goes into the final transfusion storage
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bag, is about 50 mcrograns. W start with 15 m|lligrans,
and we end up with about 50 m crograns.

The freed photoproducts are al so reduced by the
conmpound absor ption device, but as Steve Wagner nentioned
this norning, the bound photoproducts--and there are sone
phot oproducts that are, first of all, inside the platelets,
because you want to inactivate intracellul ar pathogens, and
sone of these photoproducts are diners of S-59 and they
don't cone back out of the platelet. And, secondly, you do
have conplexes primarily with |ipids, and those bound
nol ecul es are not conpletely renoved by the conpound
absor ption devi ce.

After this incubation process--and it's flexible.
You can incubate fromfour hours up to 20 hours. The
platelets are transferred into a final storage container.
This is clipped again, and this is what goes into storage
and woul d be sent out to the patient's bedside.

Now, there's an extraordi nary anount of pathogen
i nactivation data that's been gathered over the last ten
years, and | think this norning' s speakers, you know,
rai sed very relevant issues, and I'mgoing to try and touch
on sone of those, and I'mnot going to be able to touch on
all of those issues.

These are data that have been collected from

infectivity assays. W made a decision that infectivity
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assays were what we were nost interested in, and they were
expressed for these | og reductions because there are

di fferent ways in which you can conduct these experinents.
These are PFU or infectious units per nL in terns of |og
reduction. W're obviously treating all the tinme ful
units. Al of these studies have been done with ful
platel et units of approxinmately 300 nL, with guard band
studies for ranges around that. But these are |og

reducti ons per ni.

Now, what happens here, though, is that in
various types of assay systens, you can analyze the entire
bag. And in some systens, it's very difficult to do that
because it just scientifically is somewhat overwhelmng to
try and do that.

In HV types of assays, though--and these nunbers
represent the lower limt of the 95 percent confidence
interval. So we sort of ask the question: Wat happens if
| go back in and take another sanple? And the vol unes that
are sanpled here range all the way from1l nL up to 300 nLs,
where the entire unit has actually been sanpled and
cultured. And so the array of information, you know, needs
to be broken down, obviously. But the 95 percent
confidence interval and the use of nultiple replicates and
mul ti ple experinments | think gives us a reasonably good

estimati on of what is inactivated.
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The limts of detection, when those are reached
in assay systens, are indicated by the greater-than sign,
and what we can denonstrate is obviously governed by what
we can put into a system

So, for exanple, H V-1, which is cell-free--this
is a lab-adapted strain because you can growit to very
high infectivity titers. There are many wild isol ates that
you cannot grow to high infectivity titers, and so you
woul d have very limted dynam c ranges.

Cel | -associated cones in tw flavors. It can be
ei ther a nononucl ear cell, which is productively infective
and has a cytoplasmfull of virus in lots of vacuoles, and
that's what this represents; and then you al so have the
situation where you can have a cell line that has a single
i ntegrated copy of the H V genone which can be stinul ated
with TNF al pha and induced to express infectious virus.
And there, of course, you're inactivating the cell rather
than a productively infected virus because you use this
assay for that, and you can denonstrate inactivation of
| arge nunbers, you know, greater than six |logs of these
infected cells.

Clinical isolates represent basically conmunity-
acquired strains which have not been | ab-adapted and have
to be assayed not in M2 plaque-fornm ng assays, because not

all wild types will plaque, but have to be assayed in
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nmononucl ear cell culture assays. And so that's why these
titers are | ow because that's basically the dynam c range
that you can get.

For the hepatitis viruses, these represent
chi npanzee infectivity assays, and Harvey Alter touched on
this this norning. These come fromhis |aboratory, and
they represent the M52 strain and the Hutchison strain.
These are calibrated chinp inocula that have been used many
times in chinpanzee experinents, and these are the
infectivity titers of what are avail abl e and what have been
val idated and titered many, many tines. So that's what's
avail able to us.

We recently conpleted studies with HTLV-1 and 2
with the | aboratory in Bordeaux, France, because we
determ ned that they had the best assay. And here you
don't see a greater-than sign for these infected cells
whi ch represent high titers of infected cells because the
background was not clean enough to get to a greater-than
sign. W feel, based upon sone data that |I'm going to show
you in a few mnutes, that we have a very high | evel of
i nactivation here, but we can't get to the background which
is sufficiently clean to allow us to say greater than

This is syphilis in a rabbit infectivity assay,
| ooking at testicular |lesions showing in two separate

series of experinments that were done, 10%% and 10’. This is
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data for plasma, and then in the red cell program there
are obviously things that will be filled in here. W have
yet to do chinpanzee infectivity studies. W're early in
this programfor sone of these pathogens.

Model viruses have been used very effectively.
We |ike the duck hepatitis B nodel. It's a very robust
nodel because you inocul ate one- and two-day-ol d ducklings,
whi ch are highly susceptible to this virus. And then you
raise themup to adul thood, and then you basically probe
their livers with DNA blots, and it's very sensitive. |If
you have infectious agent, it's going to replicate, you're
going to pick it up in the liver blot.

DHBV is very hard to inactivate. It's a small
genone, and it's only partially doubl e-stranded. So we
think it's a very good nodel

Hep C, everybody uses the bovine viral diarrhea
Vi rus.

CW, the human strains that we use are cell-
associ ated, and we can inactivate very high titers, again,
in full units of platelet concentrate. This is a cel
cul ture system

We' ve al so used a nurine nodel with cell -
associated. This is an infectivity nodel in mce where you
can actually exam ne tissue, and you can take a very |arge

nunber of nude mce and put a lot of infected cells into
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them These are infected splenocytes that cone from ot her
donor ani nal s.

You are limted, though, in terns of the types of
titers that you can get, and so these are two separate
series of experinents where we could get a titer of 10%3
and a titer of 10>

W' ve | ooked at other Herpes viruses in the red
cell program Herpes Sinplex. This norning people
menti oned sone other viruses. W've done Epstein-Barr
virus. The data are not up here for that, but it's very
suscepti bl e, and one obviously can do HHV-6 and 8.

Non- envel oped viruses are a challenge. As |
t hi nk sonebody showed this norning, we've done bl uetongue.
We've done calici as a nodel for hepatitis E virus. W
cane across a very interesting discovery in working with
parvo B19. W' ve been trying to crack this virus in an
infectivity assay for about six years, and this is the
result of inactivation using an erythroid progenitor
infectivity assay.

First of all, it's very hard to get infectious
B19 inocula that don't contain |IgM because the early IgM
inhibits infectivity, and we've literally gone to | abs al
over the world trying to find early infectious material .

Secondly, you want this to be an erythroid

infectivity assay, and primary erythroid cell cultures
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don't give you the dynam c range you need. W had to spend
a lot of tinme developing an Elispot assay using
differentiated erythroid precursors, and we can now
denonstrate greater than 4.2 logs. 1In 35 percent plasns,
which is the suspension nedia for platelets, the problemis
that when you dunp platelets inside the assay system
they're toxic to the progenitor cells that you need to
assay for the endpoint. So we're still working on that
piece of it, but we're very encouraged by this data for
parvo B19.

This is an infectivity titer. W believe that
for a lot of these pathogens you'll find by genonic
equi val ence obvi ously higher levels, but for infectivity,
this is what we've been able to at | east obtain and
denonstrate thus far.

Bacteria for platelets are obviously very
important. Now, these represent CFU per nL, but here we
have a situation where we are able to do the inactivation
treatment within the first 24 hours of inoculum although
generally we do it immediately after we've inocul ated the
whol e cont ai ner of platelets.

For pat hogens that will growin a platelet
product or will remain viable in a platelet product, we
store the product post-treatnment for five days, and then on

the fifth day, we culture the entire bag.
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For bacteria that will not grow effectively, we
will sanple, after the post-inactivation period, because if
they're going to die off in the bag, then our controls
don't remain viable, and so we have to sanple early on, and
basically we won't necessarily culture the entire bag,
we' Il culture anywhere between 10 and 30 nis, but multiple,
but multiple replicates again, and again the | ower of the
95-percent confidence interval. Were you saw a nunber
wi t hout the greater than sign, it neans that we did have a
vi abl e, you know, organismleft after that period of tine.

Now | ooki ng at what the inoculumload is, it's 10
to the 5.9 or higher than that because we don't reach the
endpoi nt here. W do think that early on, in blood
conmponents, the level of infectivity is sonewhere in the
range of 10 to the 1 to 10 to the 2 CFU per nL. So we
think there's a good margin of safety here, but we don't
know wi th absolute surety those initial infectious titers.

This is a list of Gam positive aerobic
organi sms. The other point that | would make about these
is that these strains have all conme fromthe California
Department of Health. These are all clinical isolates, not
necessarily fromtransfusion, but fromseptic events that
have killed patients and the inocula have been sent to the
Departnment of Health. These are virul ent pathogens in that

setting.
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How did we select this Iist? Basically, when we
started this work a nunber of years ago, we read the
literature, tried to obtain all of the sanples that were
published in the literature at the tinme that we were
initiating this work and have continued to try to add to
it.

We tal ked about this just a few m nutes ago--
Bacillus cereus. This was a spore forner. The first tine
that we did this, we did the inactivation process virtually
i mredi ately after adding this inoculate containing the
spores to platel et product.

The sane type of experinment was actually done in
Sweden by Fol ke Knudsen (ph) and C aus Hi rkman (ph) for
buffy coat platelets, and we saw pretty nuch the sane
thing. W can get 10 to the 3.6 or 10 to the 3.9 in
di fferent experinents, but we have residual infectivity
when we go out to five days.

We repeated the experinent allowing tine to go
into vegetative phase, which in our hands took about three
hours for everything to convert to the vegetative phase,
and then could get to the Iimt of detection.

This is a very interesting bug, Deinococcus
radi odurans, because it has a very effective repair

mechani sm and you cannot kill it with gamua radiation, but
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with the S-303 technology in red cells, we can take it to
the limt of detection.

We becane interested nost recently in anaerobic
bacteria because those are on the lists, and this is an
array of various anaerobes. W were inspired by John
Barber's case report in the U K about two or three years
ago about C ostridiumperfringens, and this is a spore
former. So that was a spore-form ng pathogen. Now this
was not stored for five full days, and so that experinment,
all ow ng the vegetative phase to occur, needs to be
repeated with five full days of storage.

We think that this technol ogy should be very
ef fecti ve agai nst protozoans and have started an array of
work a nunber of years ago in this area.

For platelets, we have conpleted work in an
infectivity assay with T. cruzi. W recently conpleted
work with falciparum Now these are parasitized red cells
at arate of a parasitem a of about 45 percent, seeded into
a full-unit platelet product at a hematocrit of around 0.2
percent. So it is not red enough to interfere with the
pat hogen and activation process, and that is one inportant
poi nt .

That is henoglobin will absorb UVA |Iight, and
t herefore you have to have a platel et product which has a

hemat ocrit or henogl obin concentration which is bel ow a
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certain level, but it is a level at which you visually
woul d notice that the product had a red col orati on.

It's highly effective against malaria. These
studies are now in progress for the red cell program W
actually did Babesia microti first for red cells, and
denonstrated, using a prototype of S 303, that it was
highly efficacious. This is actually a gol den hanster
nodel , which is a validated nodel for infectivity.

We just recently conpleted Leishmania in platel et
product and showed good | evels of inactivation. This is a
cell culture nodel. So all of these are infectivity
nodel s, but only this one is a whol e ani nal nodel.

We believe that | eukocyte inactivation is highly
effective. This is inactivation of T-cells using a
greater-than-5-1o0g-cl onal expansion assay, the sane assay
that was used by FDA to actually set the guidance for 2,500
centigrades of inactivation data.

We' ve been able to neasure, actually, with
radi ol abel ed conpounds, the nunber of adducts forned per
base pairs, both in platelets, plasma and in red cells.

And in conparison, ganme irradiation gives you a strand
break i n every 37,000 base pairs. This is 1 in every 83, 1

in 150 in the red cells.
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We' ve done work to show we can inhibit cytokine
synthesis, and we can also, in animl nodels, prevent
transfusi on-associ ated graft versus host disease.

Preclinical safety is a very inportant issue, and
we' ve conducted a very extensive program | ooking at the
parent conmpound, S-59. In the red cell program we don't
| ook at S-303 because it's an unstabl e conmpound, but we
| ook at the breakdown product, which is S 300, and we | ook
at the treated red cells.

We obviously |look at the platelets pre-photo
illum nation, post-photo illum nation w thout CAD and after
CAD. This is a very large array of studies. The ones that
| would really focus on, | think, are reproductive
t oxi col ogy that includes perinatal studies, where we have
not seen any evidence of toxicity in these nodel systens,
and, lastly, carcinogenicity. Because these are nucleic
aci d-targeted conpounds, a nunber of years ago Tim McCully
in our group net wth the Carcinogenicity Assessnent
Comm ttee at FDA and desi gned an assay system and a program
that uses the heterozygote P-53 nouse nodel with a
transfusion for six nonths |ooking for induction of
neopl asi a beyond backgr ound.

And those studi es have now been conpl eted for
pl atelets, plasna and red cells, showi ng that these treated

products or their breakdown products are not carcinogens in
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this assay system This obviously also is a chronic
transfusi on experience because these perinatal animals are
transfused for up to six nonths, and then they're
sacrificed and exam ned.

Phot ot oxi city studi es were done using al bino
animal s that were transfused either once or repetitively
and then illumnated with intense ultraviolet light to try
and i nduce phototoxicity. This is the only place we've
observed a positive in the system where we get up to 1,000
tinmes the clinical exposure one can see--1'msorry. At
1,000 tinmes the clinical exposure, we have not seen
consi stent evidence of phototoxicity. So, even at 1,000
times the clinical exposure dose, we haven't consistently
seen phot ot ox.

We have done absorption distribution netabolism
and excretion studies in all of these systens, and | don't
have tine to wal k through that data, but S-59 has a
relatively short half-life of about 40 m nutes.

Neoantigenicity is always an issue, and it's one
t hat peopl e have asked us about for a very long period of
time. Starting early in the program we began to devel op
assay systens to look at this. W've looked at it in a
variety of ways. In the pre-clinical phase, we've
attenpted to imuni ze aninmals with conponents treated with

t hese products and then basically | ooked for bound
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i mmunogl obul in and | ooked for altered proteins, and we have
not seen any.

I n our toxicology studies, where animals have
been repeatedly exposed, we have | ooked, and we have not
seen anything. In our clinical studies with ELI SA assays,
we have not seen evidence of antibodies in chronically
transfused patients.

We have done Phase | studi es which | ooked at
recovery and survival with an array of conponents, and ||
really focus on Phase Ill studies here where we've | ooked
at therapeutic efficacy and safety of single-donor
pl atel ets, buffy coats in Europe and then single-donor
pl atel ets in Europe as well.

Surmmari zi ng our Phase | studies, this is recovery
and |ifespan data. These are our products here conpared to
control. This is an array of published studies, and we
have significant differences for five-day product, but we
al so believe that we fall within a range of studies that
have been published, simlar type of data for |ifespan, and
you have these slides in your handout.

Qur conclusion, fromthese Phase | and Phase |1
studies, was that these platelets had viability that was
acceptable. They were tolerated, and we did a study, and
t hi nk you m ght hear sonething about this tonorrow, it

shortened | ong bl eeding tines.
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| want to switch now and tal k about Phase |11
studi es, where we basically have done studies to try and
mrror the clinical transfusion experience, where we've
random zed patients primarily with hematol ogi ¢ neopl asi as,
taken them through transfusion cycles of either 28 or 56
days, followed themfor a year and re-enrolled themin a
second cycl e when they' ve needed nore, and we' ve | ooked at
their adverse events, both in the active phase and during a
surveill ance phase of either 7 or up to 28 days.

I n Europe, we've done count increnents as the
primary endpoint. In the U S, studies, we've done
bleeding. In the US., there was a very large study with
645 patients and 4,719 transfusions; in Europe, 103
patients, with 676 transfusions. Cycle Il in the U S was
as big as Cycle | in Europe.

I n Europe, the primary endpoint was the 1-hour
count increnment, and we used a nethod called | ongitudi nal
regression analysis. In the United States, it was a
bl eedi ng endpoint, Grade 2 bleeding. This was a study that
was designed in consultation with FDA and used a systematic
way of assessing bleeding on a daily basis. W also | ooked
at hi gher grade bl eeding, G ade 3 and 4.

Qui ckly, in the European study, when one | ooks at
count increnment as a function of dose, although we had

slight differences in doses, we see basically conparable
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response to 1- hour count increnment. We still have simlar
data for 24-hour count increments over a range of doses,
and these doses vary dependi ng upon whi ch country the study
was done in. W operated in four different countries.

In the United States, for the bl eeding study, we
were able to denonstrate equivalents for the rate of G ade
2 bleeding and also not a difference in G ade 3 and 4
bl eeding. Days of G ade 2 bleeding were significantly
different, but we had sone outliers when we | ooked at the
mean, but when we | ooked at the nedian, we did not see a
difference. The duration of platelet support was not
di fferent anong these groups.

Pl atel et count increments. W do see differences
in the 1-hour CCl, both in Cycle 1 and in Cycle 2 and in
the count increnents, but we think that these are in
ranges, and | think the bl eeding studies support that
they're in ranges to support these patients.

Twent y-four count increnents, we al so pick up
significant differences in count increnent, but again we
are in ranges that will support these patients.

Pl atel et transfusion experience. W do see, in
the U S. study, in Cycle 1, a difference in the interval
bet ween transfusions. W did not observe this in Cycle 2.
There were sone dose differences because there is about a

10-percent processing |oss, but these are still very robust
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



pab

doses of platelets, no differences in red cel
t ransf usi ons.

Adverse events were very high in the patient
popul ati ons we studi ed because these are peopl e undergoi ng
chenot herapy and stemcell transplants, but basically no
di fferences across the groups, and we did have a |ower rate
of acute transfusion reactions.

The red cell systembasically is also a plastic
contai ner systemwith a CAD device to bind the S 300
breakdown product. In vitro studies denonstrated for 42
days of storage, no difference at all in the key in vitro
paranmeters. W've done a series of Phase | studies, and as
| mentioned, are nowin Phase Ill studies for acute anem a
and chronic anem a.

| think the critical data are |ooking at red cel
half-life for 35 day-old stored red cells. W saw no
difference at all in the |lifespan of these cells neasured
as half-life.

In recovery, we had a very highly powered study.
We exceeded the 75-percent threshold,b ut we did pick up a
2.8-percent difference in 24-hour recovery at the point
.05, just at the .05 level. The conpetence |evel barely
was above zero here.

Two Phase |11 studies that are currently running-

-acute transfusi on and CABG and chronic transfusion in
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patients with sickle cell anem a and thalassema. This is
really | ooking at efficacy of chronic support. This is
|argely a safety study.

Qur conclusions are that these platelets are
effective in treating and preventing bl eeding. A pool of
buffy coats give conparabl e count increnments, but the
si ngl e-donor platelets did have | ower count increnments. W
didn't see a difference in inmunol ogic refractoriness. W
have detected no anti bodies to new antigens, and we saw no
evi dence of accumul ati on.

Qur conclusions for red cells are that these have
adequate viability, repeated transfusions didn't stinulate
i mune responses, and full-unit transfusions were well-
tolerated. The Phase Il studies are currently running.

Just to acknow edge a very | arge nunber of
i nvestigators who have participated in these trials, and |
think you for your attention.

[ Appl ause. |

DR. BI ANCO  Thank you, Larry. I wish we had a
third day of the neeting to really look at all of this
dat a.

|'d like to invite Bernadette Al ford,
representing Vitex and their technol ogy here at our
nmeet i ng.

Ber nadett e?
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DR. ALFORD: Thank you very nmuch. |'m Bernadette
Al ford with VI Technol ogies, and we are very pleased to
have an opportunity to describe our |INACTINE technol ogy for
you.

One of the ainms we have, obviously, for our
technology is to address the transfusion safety of red
cells using both mcrobial and i nmunol ogical risk factors.
The INACTINE chem stry is a fam |y of conmpounds with
nucl ei c acid-targeted and a triggered chem stry.

The conpound we specifically selected for study
with red blood cells is called | NACTI NE PEN110, and we're
chem cal inactivation and red cell purification.

VWhat | hope to be able to deliver to you today in
this presentation is an overview of the nethods that we're
usi ng and the approaches that we are taking to characterize
our technol ogy specific tored cells. So | would briefly
go through the chem stry of INACTINE, the inactivation of
t he pat hogens and how that's acconplished, the renoval of
pat hogenic inpurities, the quality of the red cells will be
reviewed, and finally the product safety profile.

This slide probably |ooks a little famliar for
anybody who was here this norning, and Steve Wagner did a
beautiful review of our chem stry, so he saved us al
probably the tinme and effort for ne to reviewto review

t hat .
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| do want to just point out for you that it is a
targeted triggered chem stry, so that it is not active, our
conpound is not active when it is added to a sol ution of
red cells. It is activated once it seeks out its target,
and that target is nucleic acid.

So the process, as many of you may be famliar
with, is a three-stop process, where you start with a
conventional red cell unit. [INACTINE is delivered. It is
a solution. The incubation is overnight or really 24 ours.
We renove PEN110 and ot her types of contam nants by an
automated cell washi ng machine, and at that point, we have
a transfusion ready, storage ready pathogen-reduced red
cell unit.

So the process itself really can be addressed in
two parts. The first part is the chem cal inactivation of
pat hogens, and this is viral inactivation that we' ve
studi ed i n envel oped viruses, nonenvel oped viruses, cell-
associ ated viruses, as well as latent viruses.

W' ve studied bacteria as a point of the
outgrowth during a 42-day storage, and we've al so conducted
sonme experinments with both protozoan inactivation, as well
as | ynphocyte inactivation.

The second part of this process is the renoval by
aut omat ed washing. And the automated washing was initially

devel oped to renove PEN110 and any potential PENL10 adducts
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to extracellular nol ecules, But we have found, over the

| ast several nonths and the |ast year, that in addition
there are other benefits fromthis washi ng which includes
renoval of prion proteins, as well as immunogl obulins that
are associated potentially with TRALI anti bodi es.

We have al so shown that we can renove cyt oki nes
that may be inplicated with nonhenol ytic transfusion
reactions, and finally we have renoved many of the
different plasma proteins that are associated with
al | ergens.

VWhat | want to be able to describe for you, and
there was sone discussion this norning, is the approach
that we are taking for these virology studies so that you
can help us critically to evaluate the way we are
conducting the science for many of our different studies.
So these are seven of the mgjor points that we are using in
our approach to virol ogy.

First, we do mexim ze the viral spike, and there
was sone di scussion about this earlier, on howto get the
hi ghest spoke possi ble, and we have done sone studies in
order to achieve this end.

Secondly, of course, we characterize the vira
infectivity assay, and we characterize the cytotoxicity,
the interference, and of course we determne what the limt

of detection is.
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We al so characterize the kinetics of
i nactivation, and this was brought up again this norning I
t hi nk by our European counterparts. |In that regard, we do
full -unit-scale studies only. W do not do any studies at
a reduced scal e.

We denonstrate robustness, and we do this by
time, tenperature and bl ood preparation, and of course we
use PCR i nhabitation as supportive data for all of our
infectivity studies, and nmany of these studies are done in
col l aboration with a variety of external collaborators.

This depicts the |ist of several of the viruses
that we have already shown to be inactivated by | NACTI NE.
The list on your left is of the envel oped viruses. The
list on the right includes nonenvel oped viruses. In
response to Steve Wagner's question | think this norning,
yes, we can inactivate sone of the Picornaviruses in foot
and nouth disease. A virus which we did in collaboration
with Fred Brown at Plumlisland is an exanple of this. W
are still trying to see if we can also inactivate H'V, and
we are working on that. As of yet, we don't have the
i nactivation that we woul d desire.

There is also a variety of other viruses that
you' Il notice. W no |longer have just PPV on this list.
We have now inactivation of nonenvel oped virus for Hunman

B19 that we've done again with a collaborator. So this is,
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instead of using the nodel, we're using the actual viral
particl e.

This just shows you, just briefly, sone of the
kinetics. This shows you three of the nonenvel oped
viruses. This is foot and nouth di sease, BTV, and VESV.
They are very susceptible to inactivation. There are
others that are not as susceptible to I NACTINE and require
a longer termincubation wth the conpound.

Again, as | had nentioned previously, we | ook for
both extracellular as well as viruses that have already
been integrated into the DNA, and the HHVis a prine
exanple of this, and that is just depicting what |I'm
speaking to. In this case, this is HV that is cell-free,
deliberately inoculated in red cells after treatnent with
| NACTI NE, and there is no recoverable virus at 18 hours,
and we're using the ULH V nodel as a cell-associated HV,
and simlarly we have no recoverable virus, and in this
case after six hours.

We recently have concluded a series of different
experinents on Plumlsland with Fred Brown. One of themis
involving West Nile Virus. If, in fact, this becones one
of the future emergi ng pathogens that may affect red cells,
we really don't know. The point that we are depicting here
is that there is an inactivation of this virus. W know

that the virus can't stably survive in a unit of red cells
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when it is stored out in the cold, and the inactivation of
this is very quick. It's within about 15 m nutes.

We took a simlar approach to our bacteri al
studies, and in these studies we're | ooking at the
outgrowt h of bacteria over a 42-day storage period. W
used a panel of both Grampositive and G amnegative
bacteria. I1t's a culture endpoint analysis, and again it's
full -unit studies.

We al so are using | arge-volune testing, and we
use both clinical and ATCC isol ates for these studies.

This is a list of some of the G amnegative and G am
positive bacteria. W anticipate that we will be adding to
this list in the nonths to cone. This is just an exanple
of the bacterial outgrowh studies, and in this case |I'm
depicting Yersinia enterocolitica as an exanpl e.

The red line is the control. The I NACTINE treat
is blue. Both of the units are spiked prior to storage.
The control is stored under normal conditions, refrigerated
for 42 days. The INACTINE is treated and then stored, and
you will notice that there is no outgromh during this tine
peri od.

For the chem cal and activation studies, we have
devoted efforts to three parasites, and those are the
parasites that cause nal aria, Babesiosis and Chagas

di sease.
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As an exanple, |I'mshow ng you sone of the
results with the inactivation of T. cruzi, which is the
causative agents of Chagas di sease.

This is a dose response of INACTINE after 24
hours of incubation. | should rem nd you that the standard
concentration that we use of INACTINE is a .1-percent
volume-to-volune in ared cell unit. It is not surprising
that the larger the genone the |ess requirenent you woul d
ei ther have for the concentration of INACTINE or in the
time period. So, in this case, you'll notice that we get
the full inactivation of T. cruzi even with a half of that
concentration of .O05.

Probably the best exanple of an inactivation
woul d be an in vivo bioassay, and we have done this study
with an investigator at Tufts University. And this is the
survival mce that have been transfused with T. cruzi -

i nfected bl ood. The control is shown in green this tine.
The I NACTINE-treated is the blue line. And this is

| NACTI NE treatnment of T. cruzi-infected blood for just
three hours, using our standard .1-percent concentration.

You'll notice within 44 days all of the aninmals
have died in the control group and all of them have
survived in the treated group. In addition, we did | ook
for parasitem a, and you will note that even after just 24

days in the control group, the level of parasitema is
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greater than 8 times 10 to the seventh cells per niL, and in
the control there is no parasitem a.

I n addition, we also have a specific approach to
| ymphocyte inactivation, and the effect of the | NACTINE
PEN110 on |ynphocytes, and we did a dual approach. One was
studying graft versus host disease and the second was
st udyi ng al | oi mruni zati on.

In graft versus host disease, nmuch of this work
was conducted with Loren Fast at Brown University, where he
has sonme beautiful in vitro nodels to show inhibition of
| ymphocyte proliferation, and they include mtogen and M.C
assays, as well as cytokine inhibition.

We al so went forward with himon sonme in vivo
GVvHD nouse nodel i ng, | ynphocyte survival in mce, and then
finally a SCID nouse study that was al so done in
conjunction with Loren Fast at Brown and John Senple in
Canada. Much of this work will be published in the
Transfusion issue in Cctober, as well as discussed in the
upcom ng AABB neeti ng.

At the sane token, we've done a variety of
studi es to address alloi nmuni zation, and that was an ML.C in
vitro assay, again, with Loren Fast, as well as anti body
response in nouse nodels.

This is just quickly showi ng you sone of the data

that has cone out fromthese studies. This is a conparison
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of PEN110 and gamma irradi ati on on PHA m togen-induced cel
proliferation. You will note that we have a simlar
response with PEN110-treated and gamma irradi ated versus
the untreated control.

This is the effect on MCL assays with the
treatnment of responder cells and is a very simlar effect
of PEN110 and gamma irradi ated responders. What is very
interesting to note is that we have still stinmulator cells
in the ganma irradiated cells, as opposed to the | NACTI NE
treated, where there is no PEN110 stimul ators avail abl e.

This is aresult of the in vivo study in mce
denonstrating that | NACTINE presents graft versus host
disease. In the top line, there's a note treatnent
control, and notice the spleen weight, and there's a
standard very |ow | evel of cytolytic activity.

When you use untreated | ynphocytes from Strain 1
into Strain 2, there is, as you would anticipate, a mjor
increase in that spleen weight, with a simlar increase in
cytolytic activity. But when you INACTINE treat the
| ynphocytes from Strain 1 and inject theminto Strain 2,
you have a nornmal spleen weight and the cytolytic activity
is as nornal.

The second part of our | NACTINE process that |
al luded to before was the contam nated renoval by automated

washi ng, and this was done, as | said, originally, for
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PEN110 renoval , as well as potential PEN110 adducts to
extracel lular nolecules, as well as prion protein renoval,
i mmunogl obul i n, cytoki nes and even pl asma proteins.

This slide shows sone of the results of the
cl earance of al bum n and prion proteins fromred bl ood
cells by the I NACTINE process. W're using album n here as
a marker, and it does track with the renoval of prion
proteins. And in this case, we have used the spikes
derived fromplatelets, as well as fromthe reconbi nant
forms of both al pha and beta form and the beta is thought
to be maybe very closely associated with what the
pat hogeni c prion protein may | ook |ike.

This is the maxi numthat we were able to spike
into our process, and you'll note that in all cases, they
were greater than 3.4 log renovals. It was really to the
| evel of the sensitivity of a very sensitive DELFI A assay
that was developed initially at the Institute of Ani nal
Health that we are using internally at Vitex.

In simlar fashion, using the autonated washing
process, which is the end of our three-step process, we did
cl earance studies w th i munogl obulins that are thought to
be associated with other types of contam nants in the red
cells. In this case, a control unit of red cells has near
10 ngs per nL of 1G5 but the clearance is alnost at 5

logs. We're down to a |level of about 140 nanograns per nmni.
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Now with that both renoval, if you wll, as well
as inactivation, there is always a question on what does
the quality of the red cell look Iike and what is that red
cell physiology. So we've done extensive studies to
characterize the netabiologic integrity, the physical
integrity, which includes both norphol ogy, osnotic
fragility, ectocytonetric assessnents. W' ve used
assim |l ated extracorporeal circuit to do a study. W've
characterized the oxygen binding. W've done phenotypic
analysis of red cell antigens with or w thout storage.
We've al so conpared in all cases |licensed units and gama
irradiated units, and we've al ways done our studies with
full units, follow ng 42 days of storage.

| will just briefly show you a few of these
studies. This is a red cell norphology that was done in
conjunction with the director of Hematol ogy at Mass Cener al
Hospital. He could not find any differences in the
nmor phol ogy from control, sham control, |INACTINE treated
over the whol e 42-day peri od.

These are standard osnotic fragility assessnents.
Again, there is no statistic difference between untreated,
| NACTI NE treated nor fresh cells.

This is the results of one of the experinents
that we've done with Dr. Frans Kuypers at the Cakl and

Research Institute on ectocytonetric assessnent to | ook at
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deformability index. Again, not only are the treated and
the control cells simlar, they are identical

And then finally we've done a series of
experinments with the Doctors Renders at Yale University on
their extracorporeal circuitry to see if the cells are nore
fragile followng treatnent. And this is | ooking for
henmogl obin levels to see if there's any increase in
henol ysi s, and over this 90-m nute period, there is no
di fference between I NACTINE treated, which is the purple
and the | ast which is the control.

We al so | ooked at ol der age cells, and these are
cells that are stored for 35 days. O course, our process
is storage of cells for 42 days, but follow ng a 35-day
storage, there have been experinents done with 35-day cells
using a solution called Rejuvasol to see that there is an
appropriate metabolic response.

We have used Rejuvasol on the control and the
| NACTI NE-treated cells. So this is, in both cases, a 35-
day storage cell, either the control or INACTINE treated.
W' ve added Rejuvasol to both at this 35-day point, and you
will note in both cases, the 23DPG (ph), the ATP, as wel
as PIVI 50 (ph) is returned to normal both for the control,
as well as for the INACTINE treated, to denonstrate the

nmet abol i ¢ responsi veness of our cells.
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So, with this, we led to in vivo studies to
assess the red blood cell quality. The first major study
we did was a primate study with Bob Valari (ph) at the
Naval Research Center, and that was in his fanous prinmate
nodel invol ving a baboon, followi ng a very successful
result that showed no difference between the baboon
| NACTI NE-treated cells or the control

We noved onto a Phase | study to see survival and
half-life, a Phase Il to really look for full-unit safety
as well as to define our maxi num storage in our process,
and we have Phase |1l studi es ongoi ng.

The Phase | study was the first tine that
| NACTI NE-treated cells were put into man. So that was done
with a 10 nL alloquat, and this study was done at Dartnmouth
under the auspices and direction of Jim AuBuchon.

The cells were treated at six hours because
that's where the science had led us at this time, and we
followed the cells for both the 24-hour survival, as well
as the 20-day storage. There were no safety effects
what soever, and there was a standard 24- hour recovery and
half-life of the cells, and they weren't affected after
storage for 28 days with | NACTI NE

We then went on to a Phase Il study, and in the
Phase Il study the science had directed us further. The

science said that there is many viruses that need a | onger
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peri od of exposure to a chemcal |ike ours because, as was
suggested this norning, there are sone viral inactivation
series that are really two phase. It appears there nay be
a subpopul ation, a subpopul ation of cells that take a
| onger time for that exposure to occur. So, for that
reason, we do have a | onger exposure to nmake sure that we
are covering potentially every type of pathogen that we're
| ooki ng at.

And, also, which I"msorry | didn't speak to
before, when we tal k about a, and refer to alog, it's
al ways a log renmoval per nL. It is not a total. So |
t hink Harvey Kl ein asked that earlier, and every tinme we do
address a log it is on a per nL basis.

So, in this Phase Il study, we were | ooking at
| NACTINE-treated cells for 24 hours. It was a random zed
paral | el unpaired controlled study, and in fact, 50 percent
of each group, and there are three cohorts. The cohorts
represented a period of I NACTINE-treated and control cells
that were stored for 42 days, another for 35, and finally
anticipate storage of a cohort for 28 days.

And half of each group also received a full unit
of INACTINE-treated red cells or controls for safety.
There was a variety of secondary endpoints. They addressed

mai nly safety paraneters, as you'll note. The primary
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endpoi nt was the maxi mum storage tinme, |ooking at a 24- hour
recovery, as well as the level of henolysis.

This just depicts the 24-hour recovery of Phase
|, 28-day, which is the first panel on your left, and the
other two are the two cohorts, the 35-day storage cohort
and the 42-day storage cohort fromthe Phase Il study. W
did not go on for a 28-day because it was obvious that the
cells could be stored for either 42 or 35 days.

This is a result of the survival. Although there
was no statistical difference between any of the specific
time points, the slopes of the lines are different, and
there's about a 30-percent difference between these two.

So this may suggest that there mght be a difference in
survival, and for that reason we had carried out a variety
of different what we call red cell quality experinents that

|'ve shown you in physiology, and again additional studies

will be carried out, as well as will be addressed as we
continue with our Phase Il program
So the conclusion of the Phase Il study was there

was no safety-related effects, there was no evi dence of

neoanti gens, no change in phenotypes, and the primary

endpoi nts suggested that, based on our recovery and

henol ysi s, that the processing storage period is 42 days.
So, with that, we started our Phase II1l trial

program whi ch has two studies. This has recently been
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agreed to, with the design by the agency, and one study

i nvol ves patients that require acute transfusion support,
and that woul d be about 200 patients. The second is a
study with patients requiring chronic transfusion support,
and that's 70 patients.

They are both designed as nmulti-center, double
blind, and parallel group studies, and both studies wll
use the current maxi num storage period for red cells of 42
days, and it will be a 24-hour treatnent.

Now, in the last couple of mnutes, | would |like
to just address for you briefly the toxicology and our
approach to the product safety assessnent, and this is to
identify any potential adverse effects. W want to be able
to understand exposure, and that's exposure to PEN110,
versus the dose response relationships. Wth this, we
could potentially predict what the safety paraneter would
be in man, and that woul d be our ri sk assessnent.

So, for the safety assessnent, we've done a
variety of different studies. W' ve conpleted
genot oxi col ogy, neoantigenicity acute studies, subchronic,
a reproductive toxicology study, a fertility study, and we
have an ongoi ng carci nogenicity study currently.

| just want to show you, just briefly, a couple
of these studies. W' ve done a neoantigenicity assessnent

of PENl110-treated red cells in rabbits, and this was either
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PEN110- treated or control red cells that have been fused
with about 5 nmLs per kg. In this case, there were three
doses, followed later with what would amount to be
potentially a boost, and there was a bleed at Day 105, and
there was no indication of any neoantigen that's forned.
In fact, these cells were PEN110 treated, and the PEN110
was not renoved prior to infusion in the animls.

This is the results of our, and the design, of
our reproductivity toxicity study in rabbits. This was
daily PEN110 1V doses between Days 7 and 21. This is the
peri od of organogenesis for the rabbit, and the doses
vari ed obviously froma control to 1 ng per kg.

It shows what the equivalent nay be on a red-
bl ood-cel|l basis, and this would be a red blood cell that
we have gone through the process, and it has been washed to
the I evel of 50 nanograns per niL, and that's the residual
| evel of PEN110. So, if there was a residual |evel of 50
nanograns per nL in one unit, then that dose woul d
represent, for instance, .1 would represent, at .1 ng per
kg, 400 units, and that's how the study was determ ned.

These are results of that study. Al of the
doses were negative for fetal toxicity at Day 29, and so it
is shown for, at these dose levels in the rabbit, the

PEN110 is not teratogenic.
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W did a simlar study with fertility and early
enbryoni ¢ devel opnment that we just recently conpleted. In
this case, the nales were dosed every other day for four
weeks, the fenales every other day for two, and then they
were mated. Dosing continued, and you could see there was
a variety of different assessnments, both done on the nale,
the maternal data, as well as uterine data.

In this case, the dose levels were zero to,
again, about .5 ngs per kg. There's an equival ent dose on
the side, as | expl ained previously, and we have seen no
enbryonic toxicity or effect on fertility in any of these
| evel s. This has just been recently conpleted.

As | said, our carcinogenicity study is in
progress. So we feel, today, that we have a technol ogy
that represents a prom sing approach to pathogen-reduced
red blood cell concentrates. Qur Phase Ill studies are
ongoi ng. W have just started our, and have a view of what
our characterization would | ook |ike, and many nore studies
will be conpleted within the follow ng several nonths.

Thank you so nmuch for your tine.

[ Appl ause. ]

DR. BI ANCO Thank you very much, Bernadette.

| think that we wll try to see if we have a few

m nutes at the end for questions fromthe audi ence. And as
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we do the technical changes here, | would like to invite
Ray Goodrich from Ganbro to talk to us about riboflavin.

Ray?

DR. GOODRI CH: Thank you very nuch

|'d like to thank the organi zers of this session
for allowing us to have the opportunity to cone here and
tal k about our technol ogy today. There are disadvantages
to going last. There are al so several advantages. Part of
that is getting the wi sdom of everyone who has gone before
you; the other is that everyone is tired, and they want to
go hone. | don't know if | count that directly an
advant age or a di sadvant age.

It was not very long ago that this comunity was
posing the question is it possible to have a zero-risk
bl ood supply? | think that the answer to that question, at
that point intime, was a definite no several years ago--
perhaps nore than I'd like to admt.

It's inportant | think then to realize that
today, after the passage of tine, after the expenditures of
consi derabl e anobunts of noney and consi derable intell ectual
power on the part of many individuals working in this
field, the answer to that question is still no.

| think perhaps what we're experiencing here
today is that we're changi ng what that question really

needs to be or should be or is, and that is can we attain a
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safer bl ood supply? Can we attain a safer product? And
there are a lot of ram fications that conme out fromthat,
i ncludi ng sone of the issues that Steve Wagner nentioned
earlier today.

What |'mgoing to try to do is to talk to you
about sone of the considerations and where we are in our
attenpt to nove towards a safer bl ood product.

We' ve | ooked at this fromthe standpoint of
desi gni ng a pat hogen reduction technol ogy devel opnent
program and that involves really assessing what the need
is. W've heard a |lot of talk here today about what the
need is and what the performance | evels need to be for
t hese products. That's very inportant. That, hopefully,
allows you to identify a bal anced pat hogen reducti on
chem stry or process that involves both getting effective
kill, acceptable toxicity profile and acceptabl e bl ood-
conponent quality. | think, hopefully, what that
translates into is the design of a practical process.
That's sonething that we haven't spent a |lot of tinme on
today, but I think it's a very inportant issue.

In assessing the risk, this is our score sheet.
We | ook at bacterial reduction leading to a potential for a
significant drop in norbidity and nortality as being a real
potential positive of this technology or these

t echnol ogi es.
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An increnmental risk reduction for w ndow peri od
virus carriers, that m ght be possible, mght be
achi evabl e.

Parasite reduction, particularly in the case of
red cells, which mght offer an inportant opportunity to
inprove red cell safety and availability; speaking, for
exanple, in particular, in a case of malaria.

We mght be able to elimnate or reduce the
effects that are associated with white cell contam nants in
pl atelets, plasma and red cells. That's also a potenti al
positive.

| think where we have real question nmarks are in
tal king about viral titers of untested individuals for
viruses that we don't test today. |It's possible, in sone
of the presentations you saw earlier today, for exanple,
sonme of the data that M ke Busch presented, that you can
exceeding |oad the ability of pathogen-reduction
technol ogies to renove or inactivate these levels. | think
the questions there are is sone reduction better than none,
and what is the magnitude of viral reduction that should
equal or exceed those found at various points in individual
donors post-infection?

| think those are the kinds of studies that woul d

need to be done in order to nake these kinds of clains.
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Anot her question mark, a big question mark, is
with regard to prions. W heard earlier today about
under st andi ng whet her or not these agents are even
transmtted by blood. So I don't think we could say with
certainty, if we don't know that it's transmtted by bl ood,
that sonmething that we do will elimnate its transm ssion
by bl ood.

| think there is a lot nore that needs to be
eval uated here with regard to the passage and the
transm ssion of these agents. Many of you go to the sane
sessions that | go to--people |like Bob Rohr and Paul Brown
who are | ooking at these kinds of issues.

This is what we're using as our photosensitizer.
It's riboflavin, Vitamin B2. It is an essential nutrient.
There is a recomended daily allowance. 1'll be quick to
poi nt, however, that this is not what you would receive
after a product has been treated. You receive both
residual riboflavin and riboflavin photo product. It does
break down. It does do chem stry when it's exposed to
light, in both divisible and WV regions.

We were attracted to this, however, because of
the fact that it does exist naturally, and there is a w de
body of literature that's avail able on the netabolism and
the action of this conpound in the body--many of the sane

studi es that Steve Wagner pointed out today, |ooking at
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nmet abolically in the body. Not all issues are known,
obviously, but at least there's a starting point. That's
what we operated fromto begin wth.

This is a cartoon, basically, that describes the
chem stry, and | think it's inportant to call this a
cartoon because it's a reflection of real life. 1It's not
necessarily real life.

It's known that riboflavin interacts with nucleic
acids, that it carries out oxidation chemstry, as well as
el ectron transfer chem stry when it's excited with either
visible or ultraviolet light, and that that results in
t hi ngs such as DNA breaks, coval ent adducts, and changes to
the DNA or RNA structures, which we believe lead to
pat hogen i nactivation. There have been several
descriptions of this in the literature, and you saw t he
citation earlier today.

W' ve tal ked about processes that involved
activation of riboflavin, using both UV and visible |ight.
What we've found is that there are pluses and m nuses to
both of these approaches and the action of the chem stry
t hat occurs based on the activation light that's being
used.

UV and visible light is really separated by a

break at about 400 nanoneters. Wen you' re above 400,
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you're in the visible region; when you' re bel ow 400, you're
in the W region. For platelets and plasma, ['ll be

t al ki ng about processes today that relate to using UV |ight
activation. For red cells, 1'll be tal king about visible
[ight activati on.

These are the conditions for all of the data that
|"mgoing to present, both in terms of cell protein quality
and performance. |It's five joules per centineter squared
of light dose, WV light; 278 nLs of product volune for
pl atel ets and plasma; 50 mcronolar riboflavin; there's a
90-percent plasma carryover in 10 percent of the solution
of riboflavin that's added to the product.

Thi s system does have one-bag transfer step.

It's a prototype system Qur goal is to get this into a
single container for treatnent.

In red blood cells, we're using a |ight dose of
175 joul es per centineter squared. |It's visible light; 500
m cronol ar riboflavin stock solution; 30- to 40-percent
hematocrit; and there is, again, one bag-transfer that's
involved in this prototype system

VWhat are the neasurenent paraneters that we're
using as a goal to guide our devel opnent efforts? Well, it
has to be effective, obviously, in reducing bacteria,
viruses, parasites, white cells. It should be safe to

avoid toxicity to both patients and handlers. Cell and
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protein quality, we'd like to know if they're being
preserved, their functionality, and we also feel that it
has to be sonething sinple or practical; that it can be
sonmething easily practiced in a blood center conponent

| aboratory. That's an engi neering chall enge.

So how about effectiveness? |1'mgoing to be very
cl ear on how we do these studies. Qur studies conformwth
the 1995 revised CPMP guidelines for virus validation
studies. W do this both for virus and for bacteria with
respect to the follow ng: the validation process, the
choice of viruses for validation, the design of validation
studies, and the interpretation of data.

Don't repeat this, but | agree with Larry Corash
on many of the points regarding these types of assays.

| think that it's very inportant to take these
into consideration because it is a very conplex issue in
terms of the design of these studies. These are borrowed
gui delines fromCPMP that relate primarily to processes for
i nactivation of biologically derived products from human or
cell-line origin. They don't apply directly to cel
products, but we're applying themso that we have sone
gui dance.

So what does that nean when we say we foll ow
t hese nethods? Well, you take a stock titer of pathogen,

and you put it into the product. You then neasure the
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titer of that pathogen in the spiked product. There is no
estimation involved. The reason for that is what | think
you heard earlier today, that you can have neutrali zi ng
anti bodies or other things not directly related to the
process that mght affect the viral titers fromthe initial
st ep.

You can see differences of 1.5- to 2-1og
di fferences just based on an estimted versus an actually
observed val ue in these assay systens. That neasurenent is
usually nmade, and it's made in our case, with the TCID 50
assay for infectivity, and the values are reported as | ogs
per nmi.

We performa treatnent step, nonitor Kkinetics
based on energy dose delivery, renove alloquats at each
dose, and neasure the titer of pathogens in the alloquat in
|l ogs per nL. So the reduction is the starting titer that's
nmeasured mnus the final titer in that product that's
nmeasured at each of the tine points.

The idea here is really to find an upper limt of
the initial challenge where the systemis no | onger
negative to assay detection limts. That gives you the
wi ndow where your process is going to be effective. Wat
is the challenge, and how well do you perform and how far

are you above those limts?
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For bacteria, wth the pl atel et process, we've
| ooked at several contami nants. You' ve heard these lists
t hat have been described earlier today: Staph epidermdis,
Staph aureus, E. coli, Kl ebsiella, Bacillus cereus. All
are sonewhat antibiotic resistant, all commonly found in
hospital-related infections, and we've | ooked at these
under two sets of conditions--what we call high-spike
titers, where we put in greater than 6 |ogs per nL and at
low titers, where we've put in 1 to 2 logs per nlL, and then
nmoni t ored by BacT/ ALERT over 10 days of storage for the |ow
spi ke and i mredi ately post-treatnment for the high-spike
sanmpl es.

Now | asked this question earlier because | put
this line in here saying that normal titers at donation are
probably much less than 1 log per nL. | throw that open
for discussion.

This is what we found: For Staph epidermdis,

St aph aureus, Klebsiella pneunoniae, E. coli, and Bacillus
cereus, to the levels that we've been able to detect in

t hese systens, these are the log reductions in |ogs per nL
for each of the species that we' ve | ooked at.

In the | owspi ke sanpl es that we have treated
with these products, again at initial spikes of 1 to 2 |ogs
per nmL, the sanples remain culture negative after 10 days

of storage post-treatnent. That basically neans that we
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t ake the sanples and store themfor five days. W then
remove a 4 nL alloquat, put it into the BCT culture system
and nonitor for an additional five days.

These are the reductions that we've seen with the
red cell process for bacteria:

We' ve spiked with Yersinia and Pseudononas
fluorescence. You'll notice that there aren't greater than
signs on this data. W've been able to inactivate and
reduce the |l evels of bacteria to 2.6 logs per nL and 2.7
| ogs per nL for these pathogens. Above these |evels you
begin to see positives or breakthroughs. So there is a
nore limted reduction in kill in the case of the visible
light-driven process with red cells.

These are the values that we' ve observed with our
pl atel et and pl asna process:

W' ve | ooked at BVDV, Pseudorabies, HV, |IBR
which is another herpes virus. |It's Infectious Bovine
Rhi notracheitis, and VSV, envel ope viruses.

In the case of porcine parvovirus, canine
parvovirus, those are nonenvel ope viruses. These are the
inactivation |evels that we've been able to observe. |If
you don't see a greater than sign in front of the data, it
means that we haven't, at those levels, inactivated to the
95-percent confidence | evels above those limts, as Dr.

Corash descri bed earlier.
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This is the kinetic. These are three different
runs that are done three different days with three
different products, using this process, and this is porcine
parvovirus inactivation kinetics. The results are shown
for the three different runs and al so describe for the
average of those three runs. Again, where the line
flattens out, it's basically reaching the limt of
detection for the assay systemred cell process.

W' ve | ooked at BVDV, Pseudorabies, HV, IBR as
envel ope viruses and Cani ne parvovirus and Bl ue Tongue
Vi rus, nonenvel ope viruses. Again, in this case, we've
been able to inactivate to limts of detection within the
spi ke titers that we can achieve with these products, in
t he case of envel ope viruses, and with nonenvel ope viruses,
that reduction is |imted to the values that you see here.
So there is a lower efficacy with regard to visible |ight
i nactivation for nonenvel ope viruses with the system

We've al so | ooked at mal aria parasite in red
cells. This is some data that's going to be presented at
the upcom ng | SPT neeting by our collaborators at Walter
Reed. What this data shows, basically, is a neasurenent
using parasitic | actate dehydrogenase. | think earlier
today Dr. Lei by tal ked about the difficulty of neasuring
i nactivation levels in these types of products. These are

actually malaria-infected red cells that are spiked into a
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product, it's treated, and then we take out alloquats at
various times and | ook at the | evel of expression of this
parasitic LDH enzyne, as well as the percentage of ring-
stage parasitem a that's present in the products. That's
by conventional snear techniques.

The LDH enzyne assay is a neasure of netabolic
activity. It's a lagging indicator. Wat you see is that
in cases where we've exposed to different levels of |ight
with red cells, we're inactivating to the point where
there's no detectable, there's a decrease in the anount of
the activity of this assay, and it declines to baseline
| evel s, basically.

In the case of just adding riboflavin, there is a
drop in the amount of expression of this enzyne, but then,
after storage, for prolonged periods of tinme, you see these
| evel s go back up--neaning that you haven't conpletely
i nactivated the parasite that's present in these red cells.
New cells are becom ng i nfected.

This result is actually described in a paper that
cane out of Northwestern Medical School, |ooking at
riboflavin in the absence of light and its ability to
suppress nal aria parasite replication processes. This is
the citation for that article.

We have done studies with | eukocytes. |'ve just

summari zed these here. W' ve | ooked at, for both the
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pl atel et and red cell process, the effects of riboflavin,
plus light, on cytokine production. This is IL2 out of
jurkat cells. It prevents cytokine production under these
treatnment conditions. W' ve |ooked at white cel
replication using oxygen biosensor data on treated
products, and we've also | ooked at DNA fragnentation
patterns using a fluorescence assay for |ooking at strand
breaks after treatnent. Hopefully, we'll be able to
present sone of this data in greater detail in some of the
upcom ng henat ol ogy neeti ngs.

Safety profile of riboflavin. W' ve carried out
these tests in order to support a Phase | study with
platelets and with red cells. W have done this with
starting product and photo product, an Ares test on the
starting material and photo product and on native
| um chronme, which is the photo product that forns upon
exposure of riboflavin to light. Al have been negative.

This is the platelet and plasma process. The
nouse m cronucl eus and chronosone aberration tests are
ongoi ng as we speak. Cytotoxicity is negative. Acute tox
in a rodent nodel, in rats, is negative. Neoantigenicity,
whi ch was perforned using both the opterlani (ph) nethod
and an ELI SA assay, is also negative for this process. W
al so have studies that are ongoing in dogs to |look at the

acute toxicity profile.
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Wth the visible light, the red cell process, we
have conducted studies | ooking at Anes test on al
materials. Al have been negative. The nouse m cronucl eus
test is negative; the chronosone aberration test is
negative; acute toxicity in both rats and dogs is negative;
cytotoxicity is negative; and neoantigenicity is also
negati ve.

We have used the standard kinds of nmeasurenents--
| think we'll probably hear a little bit nore about these
in the session tonorrow-to | ook at products before and
after treatnent and during storage.

What | could tell you is that there are
differences. W see differences in pH which is primarily
driven by differences in netabolic activity post-treatnent.

Mor phol ogy scores. Percent HSR, there are sone
declines. ATP levels show a difference, and the key is
what do these differences translate to in an in vivo
setting, and that's part of what the clinical trials are
meant obviously to answer.

We have al so gone one step forward, however, of
doing studies in primates using treated cells to get a read
ahead of tine. W' ve done that both with UV invisible
light, in the case of platelets. W find nornmal recoveries

in the range of 60 to 75 percent and |ifespans on the order
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of 80 to 100 hours in these animals after treatnment and
rei nfusion of full products.

We have al so seen, with infusion of full
products, no adverse clinical chem stries or reactions.

We are also carrying out platelet function
studies. W found these nodels to be of particul ar val ue
i n hel pi ng gui de our devel opnent efforts. W have used Dr.
Bl aj chman's bl eeding tinme nodel in rabbits and Dr.

Escol ar's nmethod, which primarily involves a Baungart ner
profusi on nodel for platelets to |ook at the effects of
treatment on cell quality and cell perfornmance.

For red cells, we followed the standard types of
paraneters again out to Day 35. W have Day 42 studies
that are ongoing. W' ve | ooked at henogl obin content,
met henogl obi n production, osnotic fragility levels, direct
antiglobulin tests during storage at various points of
time, up to, and including, Day 35.

There are sone differences between treated and
controls, and, obviously, again the question is how do
those translate to in vivo performance.

Pl asma proteins. W followed after-treatnent
| evel s of fibrinogen, Factor 2, 5, 8, 10, Antithronmbin 3,
Protein S, Protein C, and | ooked at antibody |evels such as
for tetanus and pneunococcal antibodies for functionality,

case of I1GGs. These are values that we have observed after
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treatnment of our product, storage under standard
condi ti ons.

So what are the next steps, obviously, for us in
a clinical progranf

Vell, our plan is to initiate these studies with
platelets, to be followed by a red cell program The
platel et studies initially would be in vivo radi ol abel ed
survival, red cells as well; two centers, 10 subjects per
center; normal volunteers; neasuring both recovery and
lifespan of treated cells.

Qobvi ously, the pivotal studies with platelets are
likely to involve efficacy studies with regard to reduction
in bleeding events. Those are broad enroll nent, based on
mul ti pl e underlying norbidities, which neans that you are
overpowered in sone cases and underpowered in others. |
think the format for this has pretty nmuch been outli ned,
again, as | nentioned earlier, by those who have gone
before us in many cases.

Finally, | think what has to happen here is,
taki ng these performance values that we're able to achieve,
and translate this into a system again, that's a practica
process and what this mght ook Iike. How w Il blood
banks do this routinely, and reproducibly and reliably?

As | said, this is an engineering challenge that

we take into consideration, as we're noving forward wth
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our program equally, along with the perfornmance val ues
that we're able to attain. | think it's a very inportant
factor if this is going to be used in the types of products
and over the range of products that these systens are being
proposed for.

|"d be happy to answer questions if | can.

[ Appl ause. ]

DR. BIANCO W can have a coupl e of questions.
| would ask that Dr. Corash, Bernadette Alford and Ray to
maybe sit at the table, and we can have five or ten m nutes
of questi ons.

| would just like to take the prerogative of
presenter or MC, the role | played today, just to comment
that there is one aspect that we have heard very little
about the process; that is, what is the inpact that those
technol ogies wll have in blood centers and coll ecting
facilities. What it appears, fromwhat we saw, and from
what we have | earned fromthe manufacturers, and actually
Ray has tried to address this very much in his last slide,
is the change fromsonething that is very nmanual
primtive, preparation of luck by lot, 13/14 mllion tines

a year in this country, plus the conponents, to an

i ndustrial process that will still have 14 mllion lots,
but much nore conplex, and that will have a trenendous
I npact .
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So | would Iike maybe tonorrow or in the next
wor kshops that besides addressing the scientific issues of
toxicity and all of that, that we exam ne how we're going
to adapt or help an entire system adapt to a technol ogy of
this type.

Questions?

DR MARTINEZ: Bill Martinez, Gainesville,

Fl ori da.

Per haps | should save this question for tonorrow,
but I was thinking is anyone going to do clinical studies
to prove this lack of toxicity in the pediatric patients
and neonat es?

DR. BIANCO Well, you can choose Larry to the
m crophone first.

DR. CORASH Yes, | think there are two ways to
approach that.

In our Phase IIl clinical trial in the United
States, we did enroll children in the platelet study down
to the age of six years. |In our plasma program we have
transfused a few very young patients--1 think one patient
bel ow the age of one year.

It's very hard to conduct well -sized clinica
studies in those patient populations, and |I think what one
gathers largely is, you know, anecdotal al nost type of

experience because the nunbers are small. | think in our
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Phase 111 clinical trial, we have 30 or 40 pediatric
patients with a fair nunber of transfusions.

One depends heavily on preclinical safety
studi es, where you can do focus studi es on obviously
pregnant ani mals through the perinatal period and young
animal s, where you raise themup to adul thood and | ook at
the effects. | think that you have to depend for a | ot of
information fromthose types of studies.

In our red cell program we are enrolling
pediatric patients, but again not neonates because you
don't find a ot of neonates in chronic transfusion
studies. So we are enrolling sone children, but not
neonat al patients.

DR. BIANCO | think that Bernadette had
sonet hing to say.

DR. ALFORD: Yes, thank you.

For our chronic study, also, where we will be
enrolling patients as early as eight years old, the neonate
popul ation is a very inportant population for us to try to
address. | think between a discussion with our Advisory
Board that we have at our conpany, as well as ongoing
di scussions that we have to have with the FDA, we'd like to
be able to design a programto address specifically that

pati ent popul ation.

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



pab

Granted, animals provide a ot of information and
potentially gui dance where we could go clinically, but I
think in the comng year we'd like to see if there was sone
way to specifically address that population with a
pat hogen-reduction process that woul d invol ve | NACTI NE

DR. BIANCO Ray, do you have anything you want
to say?

DR. GOODRICH: [Of mcrophone.] [Inaudible.]

DR. BIANCO Can you say it a little bit |ouder?

DR GOODRICH [Of mcrophone.] | said | saw
Bernie at the mcrophone there, and I know this question
came up at one point with S-59(?) positive years ago.

Maybe he coul d share what sone of these issues were and
actions at that tine.

DR. HOROW TZ: That's actually not why | cane to
the m crophone, but as best ny nenory serves, we al so had
very few young, especially very young patients, in the
trial. The few that we had, there were no adverse
findings, but ultinmately these are very difficult patient
popul ations to study, and at the sanme tinme, post-licensure,
t he questions about neonates didn't disappear, and then
t here were ongoi ng studies that individual investigators
conduct ed probably with sone trepidation as they put a
product, which had a | ot of human-use history, never m nd

just the preclinical history, but a |ot of human use
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hi story behind it, and still approached those patients with
sonme degree of trepidation.

So I'"'mnot sure | can add a lot to that. Maybe
if Joan Pehta is in the audience, she could add nore. She
was nore involved in the clinical side than | was. | don't
know i f she's still here or not.

DR. BIANCO Joan, if you could use the
m cr ophone.

DR. PEHTA: Wen we did studies on congenital
factor-deficient patients, about half the study was in
patients who were under the age of 18. Neonates, there
wer e about four neonates, | think, that were studied in
total out of the 150 subjects that the license is based on.

DR. BIANCO Bernie, you had a question? Dr.
Horow t z.

DR HORONTZ: | wanted to return, Celso, to your
comment, and the sane comment was nade this norning,
al t hough there was no followthrough with respect to both
engi neering aspects and process control, and both el ements
are inportant.

In a plasma fractionation environnment, when
you're using a chemcal or if you' re using a heat
nmet hodol ogy where, for instance, noisture is inportant, on
every |l ot you measure how nuch chem cal you' ve added to

make sure that the appropriate anount was added or, if it
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was noi sture, what the noisture content was, and then
foll ow ng execution at the renoval step, you neasure to
show that the renoval was effective.

Here, we have, as Celso put it, nore than 12
mllion lots of product that are going to be made in the
United States. |'mwondering, as ny first question, how
this is being addressed or howit's envisioned to be
addressed follow ng |icensure; what type of statistical
sanpling, if any, is going to occur or will we rely solely
on val i dation?

DR. ALFORD: Maybe | could try that, Cel so.

| can't address plasnma, as you know, Bernie, but
| could maybe just address how we're going to handle, from
a red cell perspective, that we will be testing each
i ndi vidual 1ot, and each individual lot is each unit. So
we, of course, will do a process validation, which is
standard for any GNP environnent, but in addition to that,
we woul d test and release on a unit-by-unit basis.

DR HORONTZ: That's nore than 12 mllion tests.

DR. ALFORD: No, to begin with. | think, as you
said was how woul d you start, what statistics would you
use. And I think, even with our discussion with the
Agency, until we gain appropriate experience that we feel,
and the FDA would feel, would be appropriate, at first

you'd want to test for a while each unit.
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| don't know what that nunber is, Bernie.
don't know what that number is that we would feel
confortabl e, soneone |ike yourself would feel confortable,
the rest of the industry, the blood centers would feel
confortable with, as well as the nedical and the patient
community. Until we could determ ne what that nunber is, |
woul d suggest that we'll probably, for a bit, test every
single unit.

DR. HOROWN TZ: Larry?

DR. BI ANCO Larry?

DR. CORASH: | can speak to the process for
pl atelets because that's what's being introduced into
Eur opean practi ce.

The way the system has been set up, it is to
basically do process validation, collect information on the
handling of every unit. So you have amatocillin (ph) pods,
whi ch are obvi ously a manufactured product, and you have a
known and cali brated dose that's in those units. The
entire platelet unit is passed through that, and then you
record basically the process as you go through the various
st eps.

The |ight device records the delivery of the dose
of light. It has sensors built intoit, and it records for
every unit the dose of light that is admnistered to the

pr oduct .
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There has been process validation, and each of
the centers that are going through adoption of the process
go through process validation steps to show that they are
within certain ranges. O course, we have characterized
the product to show that after, for exanple, the conpound
absorption device, there is, on average, |less than 0.5
m cronol ar of S-59 left in the product.

So the way the system has been set up is to
basi cal | y docunent various steps taking place as you nove
t hrough the process and to, obviously, have nmanufactured
conponents that are within very defined specifications and
docunent that the users can create products within the
speci fications designed for the product.

DR HORONTZ: So will there be statistical
sanpling of final product and, if so, what neasurenents
will be nmade?

DR. CORASH: There is no plan right now that
there would be statistical sanpling of the final product,
because | think, as you know, with the | abile conmponents in
bl ood centers, that's not the way that these products have
been characterized up until this point in tine.

So what is being done is a characterization of
t he conponents of the systemand a recording of the actua
processing steps. |If you do not deliver the correct |ight

dose, you will not be able to rel ease that product.
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DR. BIANCO Dr. Snyder?

DR. SNYDER  Thank you. Ed Snyder from New
Haven. This is nore of a statenent, | guess, to the Agency
than a questi on.

As a director of a transfusion service, what |
don't want to find, nyself, and I'msure the rest of the
bl ood bank directors, simlarly, do not want to find
t henmsel ves, with an approved product on the shelf that has
had no track record for neonates, for pregnant nothers, for
wonmen who don't even know they're pregnant, as far as
toxicity issues are concerned.

Wiy am | concerned? Because, with the econom cs
of the way things are today, just as we had these deja vu
di scussi ons about | eukoreduction and at what point does a
bl ood center have to convert all of their production to one
type of processing because they can't afford to have two
types of products available in all of the various flavors,
we could find ourselves with only treated pathogen-reduced
product on the shelf, with a child who needs sonething or a
pregnant not her who needs sonething, and for which there's
been no data derived.

So, although I don't expect an answer, | think
it's sonething that should be considered as we | ook. Sone

peopl e drive down the highway | ooking right over the edge

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



of their car hood, | | ook way, way down when | drive, it
turns out.

So that's what I'mdoing now. |'mlooking for a
time, in perhaps a year or two, when there nay be nothing
on the shelf but treated product, in a specific type,
because that's all the blood center has, and what do | wth
it? Do we get informed consent? Do we not? These are
issues that | think need to be | ooked at and sone answers
devel oped as we nove ahead.

Cetting back to what Harvey Alter tal ked about,
getting off the dine, there are few things that we have to
do, | agree with him but there are other things that we
have to | ook at as well.

DR. BIANCO You said you don't expect an answer,
but you expect an answer; is that correct?

[ Laught er. ]

DR. SNYDER: No, just a nod will be fine.

DR. BI ANCO Thank you, Ed.

DR. CORASH: If I could just nmake one point, in
the CE mark approval of the platelet system there are no
patient population restrictions. The preclinical safety
studi es that were done in those targeted popul ati ons were
felt to be sufficient to not have patient popul ation

restrictions.
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Now t hi nk about, | nean, you've been engaged in
clinical trials with us, what you're interested in are
safety issues with your adverse events. So think about how
many patients you woul d have to enroll and what type of
exposures you woul d have to give those patients that are
ei ther pregnant or neonates and ask the question whether or
not those studies could actually be acconplished. | don't
t hi nk they can, in fact.

DR. SNYDER: No, | understand the problens in
human studies. So it may be that we'd have to | ook nore
closely at animal studies, and maybe there's sufficient
data. |'mnot the person to evaluate the toxicologic
eval uations, but we do have pediatricians at our
institution who still do not want additive solution given
to neonates. They want us to spin it and renove it or wash
the cells---we do have our limts to what we'll do--but
they are still concerned about the adeni ne stones that
those mce, o all of those many years ago, devel oped when
90 percent of their diet was adenine. It's hard to get
themto change their m nds.

Today, with things being nmuch nore litigious, I
just raise this as a concern.

DR. BIANCO Matt?
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DR. KUEHNERT: Hopefully, a short and sinple
guestion. | guess | have a one-track m nd today, but it's
on endot oxi n.

DR. BIANCO Could you speak up a little bit.

DR. KUEHNERT: It's about endot oxin.

Have any of you | ooked--1 saw | og reductions of
bact eri a- - but have any of you | ooked at endot oxin-I evel
reducti ons as an endpoint or any effect on endotoxin with
any of your processes for G amnegatives?

DR. ALFORD: WMaybe I'Il answer. [1'll be glad to
start.

DR. KUEHNERT: Did you hear the question or
should | repeat it?

| f any of you have | ooked at endotoxin as an
outcone or endpoint in your studies. | know sone of these
processes you perforned the procedure at the end, and say
you have a nmulti-log reduction of the bacteria, but that
doesn't do anything for the endotoxin. | was just
wonderi ng how that addresses that issue for Gramnegative
or gani sms.

DR. ALFORD: Thanks. | do understand your
guesti on.

We have not | ooked for endotoxin, as yet. Trust

me, when we get back, we'll be | ooking.
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The other thing is, wth the process we have for
| NACTINE treatnment of red cells, it's a two-step process,
really, inactivation renoval, and we're hopeful that there
may be effect, either we want to see first fromthe
i nactivation, and then additionally we'd |ike to see from
t hat renoval step.

So, clearly, there nay be an advantage w th our
process. W will be looking at it, because it is
inmportant. W did hear your nessage clearly this norning,
and we, in fact, plan to speak with you further on it
because it is a very inportant issue.

DR KUEHNERT: Thanks.

DR GOODRICH: [Of mcrophone.] [Inaudible.] |
think that's a good question, and it is sonething that
needs to be tested. One of the points that | think is also
very clear is that you can kill eight |ogs or nine |ogs or
ten logs per nmL in these bacteria. |If you let it growto
that point before treatnent, it's probably not going to
hel p you very nuch

| think the key is preventing it from ever
getting to that point to begin with. As you heard earlier
t oday, know ng where that cut-off needs to be is naybe not
wel | -defined. Lower is certainly better than higher.

DR. BIANCO Qur last question for the evening.

Maybe we shoul d freeze the cells?
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[ Laught er. ]

DR. HOLMBERG  Jerry Hol mberg.

As far as the psoralen and the riboflavins, we
| earned this norning from Steve Wagner that the free
radi cal can affect the nmenbrane and al so sone fatty acid
sol esafens (ph). How do you plan to evaluate the damage to
the platelet nenbrane? And then | have another question to
foll ow up on that.

DR CORASH: Well, we've not been able to detect
any nmenbrane danmage. S-59 has been designed to have a very
| ow | evel of oxygen-dependent reactivity, and in fact you
get the sane | evel of pathogen inactivation if you do this
in an argon environnent, as if you do it in a platelet
product that is exposed to oxygen.

Now St eve showed sone data | ooking at el ectron
m croscopy, and that was early data when we were using a
type of CAD device that we know i nduced sone | evel of lysis
by the time he got to Day 5.

We' ve gone back with a solid-face CAD devi ce and
are now seeing nuch |lower levels. So we have not been able
to identify any specific nmenbrane damage. W can | ook at
the surface of these platelets and see conservati on of al
of the key glycoproteins by fluocytonetry. We know t hat
they don't accunul ate i mmunogl obulin on their surface. W

can use themin a bleeding time assay, both in humans and
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in ani mal nodel s--M Bl aj chman' s nodel --and know t hat they
will shorten I ong bleeding tines.

We do, obviously, see sone evidence that there is
a difference in viability that we can detect, although we
know from our Phase IIl clinical trial that henostasis is
conserved when we |l ook at multiply transfused patients
supported for 28 or 56 days.

So we haven't been able to characterize any
speci fic menbrane danage up to this point, and we know t hat
ATP production, by mtochondria, is conpletely conserved.

DR GOODRICH [Of mcrophone.] [Inaudible.]

DR. HOLMBERG One | ast question, a very
practical type of question.

Each one of you, what have you done or what is
t he i npact of your substance on the | aboratory worker and
then al so how do you di spose of your waste products? 1Is
there a problemw th disposal of your waste products?

DR. ALFORD: Celso, | guess, let ne--

DR BI ANCO Pl ease, Bernadette.

DR, ALFORD: Jerry, I'll start.

Ri ght now, our process, as you know, is a three-
step. The first step is the delivery, and that is what
you're specifically referring to, because, in conjunction
wi th Hermonetics, our final step is an automated wash

encl osed system The systemis in a bag. W anticipate,
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fromfurther devel opnent, just to be able to have a goal of
di sposing of that to drain.

So the question is really at the beginning of the
process, and we are noving towards, and we already have a
prototype to have a conpl eted automated system and that
systemnot only protects the unit, it delivers the
appropriate amount of | NACTINE, but also would protect the
wor ker because it will both conmpound, to fornulate it from
a concentration, and deliver the appropriate anmount of
solution to each unit of red cells.

We hope to have, in the next several nonths, that
prototype avail able for disclosure to individuals Iike
yoursel f, and to the public, so you could see the
automati on and the protection that the systemoffers.

Thank you.

DR GOODRICH: [Of mcrophone.] [Inaudible.]

DR. CORASH. For the S-59 systemfor platelets
and plasma, the Occupational Health and Safety Studi es have
been done. The handling procedures are basically as they
are for protection agai nst bl ood-borne pathogens for people
working in the | aboratory processing. A very |arge nunber
of platelet and plasma units have been produced during the
conduct of these clinical trials.

In the red cell system S-303 conpletely breaks

down once it's added to the bl ood conponent. But S-303 is
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a reactive conponent. It's in the sane category of
pharmmaceutical agents that are used for cancer

chenot herapy, and there are handling precautions, and the
system has been put together with an encl osed cont ai nnent
systemso that it can be practiced in a bl ood bank

envi ronnent .

DR. BI ANCO  El eanor?

ELEANOR [Last nane not identified.]

A very short question, and it is not a new one,
but it is a question for Bernadette Alford, and I want to
cone back to your question

You said that you test normally each unit because
you said that it is a batch for you, and you nake batch
testing. If | understand that right, you test each red
cell concentrate. Can you indicate which paraneters you
are | ooking for.

DR, ALFORD: | didn't get the last part of your
guestion. Could | indicate what, please? Wat the testing
is? Very good.

What | suggested to Bernie, and what | offered as
a response earlier, is that it is a process that's
conpl etely under control, it's docunented, and, of course,
it's a validated process because, of course, we would put
the appropriate controls in place to make sure that you had

a controlled, validated, reproducible process.
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But in addition, what we're testing for at the
end is to verify that we have renoved the PEN110, our

active conmponent, to a level |less than 50 nanograns per ni.

So I'm suggesting until--it's a very quick assay that we
could do. It doesn't inpact with releasing that unit, if
you will, because, as | said, as soon as it is renoved from

t he aut onat ed washi ng machine, it's ready either for
storage or imedi ate transfusion.

We take a snmall sanple right now, and until such
time, as | alluded to earlier, that we would fee
confortable, the community would feel confortable, as well
as the FDA, we will continue that process until we have a
good statistical assessnent that we're just qualifying
again that the process is in conplete control.

DR. BIANCO. Thank you. | thank you all, and I
thank the three of you for sharing with us as nuch as you
did. It was very good and informative.

DR. VOSTAL: Thank you, Dr. Bianco

Well, you' ve been treated to 10 hours of
di scussi on of pathogen reduction, and | think the day is
late. You' ve already heard the FDA perspective from Jay
Epstein, so | will leave it at that, and I wll just close

for today.
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l"d like to thank all of the speakers, and the
noderators and the di scussants for providing their thoughts
on the subject.

[ Appl ause. ]

DR. VOSTAL: | hope to see you all tonorrow, when
we're going to discuss the dark side of pathogen reduction.

[ Wher eupon, at 6:13 p.m, the proceedi ngs were

recessed to reconvene Thursday, August 8, 2002.]
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