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PROCEEDI NGS

DR. MED:. Good norning. Thank you for your
attendance this norning and especially your pronpt
attendance in being ready to go pronptly and on tine. |
have been asked to make a coupl e of announcenents; first of
all, that the GG docunent, guidance for industry, fromthe
FDA has been posted to the FDA website. This was
yesterday. The title of the guidance is The Use of Nucleic
Acid Tests on Pool ed Sanples from Source Pl asma Donors to
Adequat el y and Appropriately Reduce the Ri sk of
Transm ssion of H V-1 and HCV

| have a copy of this here that | will let you
| ook at but it has been posted on the FDA website which is
www. f da. gov/ cber/ what snew. ht m

We have a full agenda today of scintillating
talks. | hope they are at |east as interesting as those
yest erday which was a wonderful session.

VI. Potential Replacenent of Tests by NAT

(Bi swas/ M ed)

DR. MED: Wthout any further delay, let's get
into this norning's session. W are going to tal k about
potential replacenment of serologic tests by NAT. In
particular, we are going to talk about p24 antigen. Sue

Stramer fromthe Red Cross will discuss the data that they

have col |l ected on p24 anti gen.
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As you know, FDA previously outlined criteria
that a manufacturer would need to neet and data they woul d
need to supply to justify the replacenent of p24 antigen
with a NAT test.

After that, we will talk about the possibility of
di scontinuing anticore screening. W wll| hear about HCV
core antigen. W heard a little bit about that yesterday.
W w il hear a good bit nore today in Dr. Lee's talk. Then
M ke Busch wi |l conclude the session with sonme information
on supplenmental testing algorithnms, although there is
another Sue Straner talk in there about where surface
antigen stands relative to HBV NAT in terns of sensitivity.

So, to tell us about the replacenent of p24
antigen screening with H V-1 NAT, here is the Executive
Scientific Oficer of the Anerican Red Cross.

VI. Potential Replacenent of Tests by
NAT (Bi swas/ M ed)
Repl acenent of p24 antigen screening
with H V-1 NAT-S

DR. STRAMER: Thanks, Paul. Good nor ni ng.

[Slide.]

As Paul just described, | will be tal king about
studies with Red Cross and others to elim nate p24 antigen
and replace it with NAT perfornmed on pools of sanples.

This study has been done in collaboration with GenProbe,
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Chiron and National Cenetics Institute. And, as always, |
want to thank ny col |l aborators.

[Slide.]

Since the inplenentation of p24 antigen screening
in March of 1996, there have been six antigen-only w ndow
case donations that have been identified at the Anerican
Red Cross. As reported by ABC yesterday, there have been
addi tional cases by the ABC of which three are real w ndow-
case donations and one was a fal se positive. So we put
that together and we are tal king about the grand total of
15 since the inplenentation of the test for a frequency, at
| east at the Red Cross, of 1 in 6 mllion donations.

[Slide.]

Since the inplenentation of H V NAT screening in
spring to sumer of 1999, there have been ei ght NAT-
positive wi ndowcase donations that have been identified,
two of which were al so p24 antigen positive. So that
al ready should give you a flavor of the relative
sensitivities of the two cases. O the eight we had, only
two were detected by p24 antigen. So that gives us a yield
of 1 in 3.3 mllion for NAT positive and p24 antigen yield
cases, but that reduces, if you back up those two cases, to

1in 4.4 mllion NAT-only yield, as | presented yesterday.
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Due to a low antigen yield and the inproved
sensitivity of NAT screening of HV, replacenent of antigen
with H V NAT shoul d be possi bl e.

[Slide.]

On Septenber 18, FDA licensed NG@'s H'V and HCV
UtraQual PCR tests as donor screens for use in pools of up
to 512 donations. O interest is that the FDA al so
approved the use of this test, the HHV RT PCR, with
approved pooling algorithns as an alternate to H V p24
antigen tests for screening of source plasna.

On Cctober 4 of this year, there was a CBER
subm ssion of a BLA amendnent to Chiron's Procleix, as I
said, the GenProbe assay, to elimnate p24 antigen upon
I'i censure of NAT.

[Slide.]

As Dr. Med said, there have been criteria
outlined by the FDA to elimnate p24 antigen so the steps
are there. Al we have to do is plug in data for the steps
and hope that the data support the test's elimnation. So
the criteria include the fact that NAT nust show greater
than or equal sensitivity to p24 antigen in the w ndow
period as shown by the follow ng studies; repository p24
antigen positive, antibody negative, w ndow period
donations since the inplenentation of p24 antigen nust be

NAT reactive.
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I n seroconversion panels, NAT nust detect p24
antigen with sufficient sensitivity to offset any
di lutional effects. Prospective clinical-trial data nust
show HV RNA is detected at conparable or greater frequency
than p24 antigen in antibody-positive and anti body-negative
i ndi vi dual s. NAT nust be capable of detecting all HV
subtypes. And NAT nust be capabl e of reproducibly
detecting sanples that are weakly p24 antigen reactive.

| am going to show you data that fulfills each of
t hese criteria.

[Slide.]

But, prior to that, I just want to show you sone
of the NG data since they already have a license for H V-1
NAT with the elimnation of p24 antigen. Sone of the NG
data include the collection of 347 potential H 'V w ndow-
period plasma sanples that they collected fromtheir
repository fromvarious H 'V screeni ng nmet hods.

| f you | ook at the breakdown of these 347
sanpl es, they break down into the foll ow ng groups here as
outlined by the presence of various serol ogi cal markers and
nucleic acid. So, if you |look at the undiluted sanple by
PCR, a 1 to 512 diluation by PCR, p24 antigen and then
anti body, you can basically see which categories are

positive relative to nunbers.
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So, for the UtraQual, we have the nost sanples
reactive at the undiluted state, 73 percent. If you run
the dilution, we | ose sonme sanples, going down to 60.5
detection. p24 antigen is |east best, then, of these three
at 40 percent detection. So you can basically how the
wi ndow of what is detected reduces and then p24 antigen
HI V-1-2 anti body picks up sone of the p24 antigen and then
nmoves out forward into full seroconversion as antigen and
virus is replace, or elimnated, neutralized.

[ Slide.]

Looki ng at a subset of these sanples, of the 347
that had at |east one reactive marker, and | ooking at a 1
to 512 dilution versus the p24 antigen, either Coulter or
Abbot t--whatever was reactive is included in this table;
both assays were run--we have 140 sanples that were
reactive by antigen but 210 sanples that were reactive at
PCR at the dilution.

140 sanpl es were concordant. There were no
sanpl es that were PCR negative and antigen positive, but
there were 70 sanples that were detected by PCR that were
not detected by p24 antigen.

[ Slide.]

To go into sone Red Cross data to give you
background on the performance of the p24 antigen test since

i npl enentation, this shows you our repeat-reactive sanples
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di vided by the results of confirmatory--that is,
neutralization--testing.

| f you look at the red bars here, the assay of
the Coulter test that we are using has a cutoff of 40
percent, equal to or greater than 40 percent being the
criteria for positive on the neutralization test. |If you
| ook at these 180 sanples, you can see that there are few
that are anti body positive that confirned at low | evel s
neutralization. But the vast majority run between 90 and
100 percent or over 100 percent neutralization.

So these are strongly positive sanples. But then
we had a series here of 197, or greater than 50 percent of
our sanples, that were not antibody positive. These are
not yield sanples but were fal se-positive sanples. You can
see that the vast mgjority have | ow | evel s of
neutralization, around 40 percent. They have | ow signal -
to-cutoff ratios in the assay. They do not repeat if you
performthe neutralization test again. They are RNA
negative for H'V. They are also RT negative by a total
assay for reverse transcriptase in a subset that we have
| ooked at.

So, by any assay that we have | ooked at, and in
foll ow up of nost of these individuals who have cone back
and have not been reactive for HV, we know these are false

positives.
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[Slide.]

I f you |l ook at the repeat-reactive rate of the
assay or the consistency of performance of assay based on
how many sanples are submtted for confirmatory testing,
with an FDA-|licensed test, you woul d expect consistency
| ot-to-1ot over tine.

The green line here gives you the total of
sanples submtted for neutralization. The yellow line, or
t he nunber that are nonneutralized or indeterm nate
according to the criteria, you can see this line is
anyt hing but straight. There were sonme production problens
here which began to shortly resolve, didn't resolve
conpl etely.

Then we had the aftermath of Septenber 11 where
donations really increased so this nunber went up as far as
total in indeterm nate. And then we swtched vendors in
the m ddl e of COctober and our repeat-reactive rates now
have been really, really low But the point of the matter
is that this test has not perforned consistently.

[ Slide.]

Looki ng at our seroconversion cases that we
detected with p24 antigen, there are five here. They are
not very clear. But the point here is in gold. You can
see all of their quantitative viral RNA | oads. The second

colum is the p24 antigen signal -to-cutoff ratios. |In each
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case, RNA was positive at the index and in all follow-up
sanpl es where p24 antigen was not.

The peak p24 antigen sanple corresponded with the
peak viral RNA that was detected show ng basically that
there is a 1-to-1 relationship of p24 antigen and viral RNA
early in the ranp-up phase of viral replication, so one
woul d expect that the highest viral |oads would occur
during peak antigenem a.

[Slide.]

This shows the sane type of profiles for our
first two NAT-reactive donations identified in pools. This
sixth sanple here was the sixth p24 antigen identified. It
was al so the second NAT positive that we had. But the
point of the matter is still the same; RNA is positive at
the index and all followup sanpl es whereas p24 antigen is
positive for only a short tine and the peaks of the two
assays correspond.

This is the third case. Sane point.

[Slide.]

We al so took sone of our antigen sanples, as
required, and diluted them At that point, we are using
pool sizes of 128 in our NAT program So we diluted our
antigen yield sanples to a diluation of 128 and assayed
themto see if they were reactive. And they were. Here

are their viral | oads.
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W al so took the first H V NAT case identified in
the United States in a pool of 24, also diluted it to a
pool of 128. Again, that was reactive. W took our first
two cases that were identified, both in pools of 16, but
just to be consistent and to see how far we coul d take
this, we also diluted them1 to 128 and, again, they were
reactive.

I nterestingly enough, those that were antigen
positive, consistent with what | said, at the highest
signal-to-cutoff ratio, the TMA test, and those that were
NAT only, which represent earlier phases in tinme, have a
little bit lower S-to-COs but certainly had no problem
bei ng det ect ed.

[Slide.]

Looking at profiles specifically, I will just
show you one exanple. This is the developnent in a
pl asmapher esi s donor of H V-1-2 anti body, p24 antigen at a
wi ndow period reduction of five days, quantitative PCR
performed by NG with an inprovenent in detection of two
days. If we add the TMA assay in dilutions, which are the
open triangles, it gives us the sane first day of detection
as p24 antigen. Running a neat sanple, we get an

additional five days in this particul ar panel.
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But the point here, whether it is diluted, neat,
GenProbe, NA@'s Quant nethod, all are nore sensitive than
p24 antigen. And this is a reproducible finding.

[Slide.]

Such that when you put all of these panels
t oget her which we, in our study, included 25 such
i ndi viduals, or 92 sanples that were anti body negative, if
you | ook at the agreenent between p24 antigen and the
GenProbe assay, you can basically see that there are 29
sanpl es that were detected by NAT that were not detected by
p24 antigen. There were no sanples that were p24 antigen
reactive that were not detected by NAT.

[Slide.]

If you take this to the diluation of 128, instead
of 29, we now have 21. But the point is still the sane.
It doesn't matter how many sanples they are, but all of the
sanples are in this category, that are NAT positive even in
pool s of 128, p24 antigen negative.

[Slide.]

| f you put all the data together, even conbining
t he anti body positives in this study, we |ooked at two
different lots of the GenProbe test. This was submitted in
our IND just to make sure we saw reproducibility. This is

t he nunber of sanples that were detected by the TMA assay
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undi lute; 89 to 90 percent detected still at a diluation of
128, but only 50 to 60 percent detected by p24 antigen.

I nterestingly enough, we can see simlar
rel ati onshi ps even though this talk isn't about HCV
relative to another test that should be elimnated which is
ALT.

[Slide.]

In | ooking at a conpilation of seroconversion
panel s by M ke Busch, just to |look at how much RNA is at
the p24 antigen assay cutoff, this is a regression analysis
of 146 sanples and the cutoff here at the p24 antigen
corresponds to about 10,000 viral copies per m with this
range, 596 to about 200, 000.

[Slide.]

Now switching to anti body-positive popul ati ons,
over this period of tine, when we integrated NAT with our
serol ogy testing, we | ooked at how many p24 antigen sanpl es
neutralized and then how many were NAT positive. So we had
31 out of 34 repeat reactives that neutralized by the
antigen-neutralization assay of 580 donations submtted for
p24 confirmation. 321 were from all ogenei c donors.

But of the 31, eleven, because we had some
aut ol ogous and non-Red- Cross donors in here, we didn't have

NAT results for. But the ones that we did, which were 20,
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all 20 were NAT-reactive by the MiultiPlex test and by the
discrimnatory H V test.

What | find very interesting about the study, of
these 34, there were three that did not neutralize or that
were indeterm nate by the neutralization protocol and three
of those were NAT reactive. So we could confirmthe
antigen reactivity by NAT by not by the correspondi ng
neutralization assay.

[Slide.]

| f you nerge, over the sane period of tine, al
the NAT reactives with all the p24 antigen reactives, we
have 20 sanples that were positive by both assays. There
were no sanples that were p24 antigen positive, NAT
negative. There were three sanples that | already
di scussed that were antigen repeat reactive and NAT
positive but couldn't be confirmed by the antigen
neutralization test. But there were an additional 281
sanpl es that were p24 antigen negative and NAT positive.

So there were 284 in total, or 88.5 percent that
were p24 antigen negative, NAT positive.

[Slide.]

Looki ng at the GenProbe clinical -trial data to
get sonme prospective data in here, it included about
200, 000 donations screened. There were 54 antigen repeat-

reactive sanples. Looking at the results of the
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confirmatory neutralization testing, there was one QNS
sanpl e, 48 sanples that could not be neutralized, were NAT
negative and anti body negati ve.

There were two, as | showed you in our study of
all of our donation testing since March of '96, |ots of
fal se positives. Here, this study, as one woul d expect,
did find sone fal se-positive neutralizations, too. They
wer e NAT negative by the GenProbe test, antibody negative.

One donor we didn't agree to follow up but when
the i ndex sanple was tested by a supplenental NAT, it was
negative. One donor did cone in for follow up and was NAT
negative. They were al so negative for p24 antigen and for
H V anti body. So, again, these are fal se-positive
neutralization results.

If we look at the study for the thirteen NAT
reactive donors that were identified, there were an
additional three sanples here that were both antigen
repeat-reactive and NAT reactive. But then there were ten
sanpl es that were antigen negative and anti body positive.
So we have a total of thirteen H V-infected individuals who
were identified, all identified by NAT but only three of
thirteen were p24 antigen confirned positive.

[Slide.]

Looki ng at subtype detection, the studies that we

put into the BLA amendnent included dilutions of various
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subtypes of HV. | only show you the | owest copy |evel
that was tested. All replicates of all sanples tested at
1, 000, 300 and 100 were detected as reactive.

| just show you 30, which is below their |abe
claimfor sensitivity. The vast ngjority of sanples are
detected. One or two wapped and nost are not detected in
one to three of the subtypes, but the vast majority are
reactive at the |owest dilution.

[Slide.]

Al so | ooki ng at sanpl es of various subtypes,
these are the viral |oads of those sanples testing them
neat and then performng a 1-to-16 dilution, as we do for
pooling, you can again see 100 percent detection of al
subt ypes assayed.

[ Slide.]

Looki ng at assay reproducibility of weekly
antigen repeat -reactive sanples, what we do in the Red
Cross is for every NAT run, there are four external run
controls and the external run controls have to neet the
requi red specifications or the run is not considered valid.
These are the four sanples, but one of them we do include
as a weak p24 antigen control.

We selected a sanple, or series of sanples, by
the Coulter assay that ran a cutoff on the antigen assay

that is an S-to-Co of 1-to-2, diluted that-1 to-16 and we
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run that sanple on every single assay. As far as viral
copi es, because now we have gone through three lots of such
a reagent, it ranges from 2400 to 6800 copies per nm.

Looki ng at the performance of these run controls
when we did our pools of 128, here you have the negative,
here you have the HCV-reactive control. Here you have the
Hl V- 1-reactive control. And here you have the p24 antigen
control that you can see runs very conparably to the HV
control but actually runs a little bit higher.

[ Slide.]

This is only about 400 datapoints, so we have now
extended it and we have conpiled all the data that we have
to the end of COctober which now includes over 17,000 runs.
You can see the same patterns. W have never had a failure
inall of these runs with a p24 antigen control not being
reactive. So this has perforned very, very well and we are
confident in every run that the assay is nore sensitive
than p24 antigen by virtue of including this control.

[Slide.]

So, in summary, in all categories of sanples
tested, H V NAT was nore sensitive than p24 antigen and
neets the FDA criteria for elimnation. |In antibody-
negative popul ations fromthe NG study, p24 antigen m ssed
27 percent of the sanples, 70 of 258, relative to pooled

NAT and that was in pools of 512.
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In the Red Cross study, p24 antigen m ssed
23 percent of sanples, 21 of 92, relative to pool ed NAT.
So these nunbers are pretty conparable. In antibody-
positive populations in the Red Cross study, p24 antigen
m ssed 88 percent of the sanples, 284 of 321, relative to
pool ed NAT in pools of 16. In the GenProbe study, p24
antigen m ssed 77 percent of sanples, 10 of 13, relative to
pool ed NAT, again very conparabl e nunbers in anti body-
positive and anti body-negative popul ati ons.

So we believe, with the use of an approved
pooling algorithm p24 antigen can be replaced by NAT. One
guestion that | have is will the NAT assay require FDA
licensure prior to elimnation of this redundant test.

Thank you very nuch.

DR. M ED:. Thank you, Sue. The answer to your
guestion is yes.

DR. STRAMER: Instead of you asking nme a
guestion, | asked you a question.

DR MED: Sue, in ternms of specificity, |I know
you focused nostly on sensitivity, what would you say is
the average repeatedly reactive that you see for antigen
testing?

DR. STRAMER: It varies by manufacturer. Wth
the Coulter test prior to that nountai nous range that |

showed you, we were running consistently, actually, at
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about a repeat-reactive rate of 0.03 percent. Wth the
Abbott test, we are running less than 0.01 percent. So we
have inproved specificity. So, with NAT, at 0.01, let's
say, that is 1 in 10,000 repeat reactive.

Wth NAT, as | presented yesterday, we see 1 in
25,000 as being false positive.

DR. MED: Questions for Sue? M ke?

DR. BUSCH. Sue, and naybe Paul, with approval of
this recommendati on, and we del ete prospectively antigen,
all of these donors who have been historically deferred,
either the repeat-reactive neutralization-negative, so-
called indeterm nates, but also these fal se-positive
neutralization cases that | think we have worked up and
have shown are RNA negative, is it your expectation that we
wll just be able to bl anket reverse their deferral and
mail themletters that they can donate, or do you think
t hese people will all have to go through a formal redraw,
reinstatenent, algorithn®

DR MED: | think that is something we will have
to address, Mke. W really haven't | ooked at that
direction yet. But it is certainly a concern that donors
who shoul d be reentered can be in the future. So it is
sonething we will | ook at.

DR. ALLAIN. | was interested in your

nonneutralizable p24 antigen. Wat was the viral |oad, the
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subtype and did you have any i dea about the sequence of
this p24 antigen that |ooks |ike potential variance?

DR. STRAMER: No. Actually, | still have the
repository sanples. W haven't done anything with them |
can't even tell you the percent neutralization of f hand.

But, I nmean, all of those data are available. | just don't
have them here.

DR. ALLAIN: The viral |oad; do you have that?

DR. STRAMER | don't have the viral |oad, no,
because routinely we only do qualitative testing. So |
have a qualitative result. | would have to submt those
sanples for viral -load testing but it would be an
i nteresting--

DR. BIANCO Sue, in the early presentations that
Paul and FDA made of the potential for elimnation of p24
antigen, they restricted it to source plasma. Do you think
that, with this beautiful data, we will have an opportunity
to do it also for whol e-bl ood donors?

DR. STRAMER. You are asking if we will be able
to elimnate the test for whol e-bl ood donors?

DR. BIANCO Yes. That is your intent.

DR STRAMER Right.

DR BIANCO | amdirectly, or indirectly, asking

Paul .
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DR. STRAMER: Right; okay. That is what |
presented; right?

DR. MED: Yes. You were presenting whole bl ood.

DR. STRAMER: The intention is that for the
whol e-bl ood industry, we have coll ected enough suitable
data so the test should be able to be elimnated. W have
submtted the data for FDA consideration so it is up to FDA
reviewto see if the data are acceptable.

DR. EPSTEIN. | think I can clarify what you are
getting at Celso. The way the FDA | ooks at it, we | ook at
an approved NAT test and if that test qualifies to
elimnate p24 antigen, then we approve that, if you are
using that test, you can elimnate p24. So the conundrum
here is that the test that we approved happens to be
| abel ed only for source plasm because that is what it was
devel oped for.

That is why the approval to elimnate p24 is only
for the use of that test in that setting. But our

expectation is that, as we |icense other tests in a broader

use for whole blood, we will be able to do the sane. That
is, I think, the point of Sue's presentation is that it
| ooks like we will be able to.

DR MED:. Mke, to address your point on reentry
of donors, the discussion yesterday, the reentry al gorithm

that we are considering for reentry of NAT-deferred donors
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al so includes a group that were antigen repeatedly reactive
and were indeterm nate on the antigen test, whether invalid
or nonneutralized.

So | think we will have a nechanismin the future
for getting those donors back in.

DR. STRAMER The way you presented it would be
that they would have a foll ow up sanple.

DR. MED: That's correct.

DR. STRAMER. And they woul d test negative by al
FDA-licensed tests and then be eligible. So Mke's
guestion was could we just have a bl anket reversal of the
deferral so that if we follow the algorithns that were
presented yesterday, then the answer woul d be no, assum ng
that is the way it falls out.

DR MED:. R ght. And that was ny initial
response to Mke. | think that is sonmething we have to
| ook at.

So, Sue, the bottomline of what you are telling
us is that you see no concern for the NAT systens you have
| ooked at, at |east, replacenent for p24 antigen with NAT?

DR. STRAMER  Yes; | think the studies have been,
if I say so nyself, pretty thorough both fromthe
standpoi nt of looking at all of NG's data, |ooking at the
data from prospective screening using p24 antigen and from

prospective screening using NAT under IND. So I,
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personal ly, see no concerns and think the test should be
el i m nat ed.

DR. M ED. Thank you, Sue.

DR. STRAMER: Thank you.

DR BISWAS: The next three talks will be on
hepatitis. The next talk will be given by Dr. Steven
Kl einman fromthe University of British Colunbia. He wl
be tal ki ng about the prospects for discontinuing anti-HBC
screening in the post- NAT era.

Prospects for Discontinuing anti-HBC Screeni ng
I n the Post-NAT Era

DR KLEI NVAN:  Thanks, Robin. And thanks to the
organi zers for inviting ne.

[Slide.]

What | would like to do today is address a
sonmewhat confusing area, | think, and that is HBV with its
serological testing and potentially with NAT testing. The
guestion that | am posing is whether HBV NAT screeni ng of
donated blood with inplenentation, if it occurs, and we
don't knowif that will occur yet, will that allow for
droppi ng anticore testing or speculating at the end HbSAg
testing.

[Slide.]

The recent devel opnents in bl ood-donor screening

with regard to HBVY, and we heard yesterday that m ni pool
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NAT i s being done in the source-plasma sector, with regard
to whol e bl ood, HBV NAT in mnipools or on individua
donors i s being considered for routine bl ood-donor
screening, actually mnipools, probably, to begin wth.

At the sane time, you will hear, in the next
tal k, that HBsAg assays with inproved sensitivity are al so
under review by FDA so we should have nore sensitive
surface-antigen tests. The question is, based on these
devel opnments, we get to the possibility of discontinuing
anticore testing if we can show that very few, or no,
potentially infectious units would be m ssed by dropping
this test.

[Slide.]

So |l would like to start with discussing the
contribution of anticore testing to blood safety vis-a-vis
hepatitis B. | want to show you sone background
i nformati on and then report on two recent studies.

[Slide.]

What we have known for a long that surface-
anti gen-negative core-positive units have been inplicated
or, nore recently, proven to be the source of transfusion-
transmtted hepatitis B. A nunber of case reports fromthe
| ate 1970s showed this. The transfusion-transmtted virus
study whi ch was conducted during that time published a

paper in 1995 with six probable cases. These cases are al
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probabl e because we have a patient with post-transfusion
hepatitis B and at | east one of the units has anticore, but
the link between the two has not actually been proven that
that unit was causing the HBV.

Then J.P. Allain, who is in the audience,
publ i shed a paper recently about two probable transm ssions
fromanticore-positive units in the U K  Recently a paper
came out from Japan in Transfusion in which they had
i nvestigated two cases of post-transfusion hepatitis B and
showed that there were two donors, one in each case, who
were surface-antigen-negative, core-positive, and could
actually be shown to have hepatitis-B DNA, one at | ow copy
nunber, 400 copies per m, the other, they were not able to
qgquanti fy.

| think these two cases actually better establish
infectivity but the background cases, | think, show us that
t he phenonmenon has been occurring for last twenty years.

[Slide.]

We can look to liver transplantation. | amsure
everybody is famliar with this--and know that just because
you are anticore-positive doesn't nean that you have
cleared the hepatitis-B infection. There are multiple
studies in liver transplantation that have docunented high
rates of hepatitis B transm ssion fromanticore-positive

i ver donors to anticore-negative recipients.
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[Slide.]

So it is hard to look at infectivity in blood-
donor popul ati ons unl ess you have a post -transfusion
ongoi ng study. But one can | ook at HBV DNA positivity
rates in various popul ations. There are nunerous papers in
the literature on this. The problemis that they don't
show consi stent results.

You have to break the papers down into two
categories. One is to look at the data in | ow HBV
endem city areas such as the U S. Here you get rates of
somewhere between 0 to a high of 1 percent of persons who
are core-positive surface-antigen-negative having HBV DNA
A study done in Kansas City actually tried to calculate the
frequency of this and canme out with 1 in 46,000 positive
transfusi bl e conponents; that is, these units were negative
for all other markers, positive for anticore and had HBV
DNA.

But if you |l ook at donors in other countries or
in patient groups, you can find that HBV DNA is present in
hi gh percentages of anticore-positive donors, from2 to 6
percent. In donors and in certain patient groups, they can
have an HBsAg silent infection in 10 to 30 percent.

[Slide.]

So, with that background, | want to report on a

study that the REDS group, in conjunction with Abbott,
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recently concluded and presented at this year's AABB annual
nmeeting. In this study, we used a repository that we had
in REDS. REDS collects sanples fromfive U S. bl ood
centers. W froze about 15 percent of the donations from
the years 1991 to 1995.

From that repository, we selected sanples that
were originally positive by the Abbott Corzyne test,
negative for surface antigen on routine ElA screening and
negative for all other viral markers.

[ Slide.]

Wthin this larger popul ation, we inposed a few
other criteria as they take the sanples on to PCR testing.
One is that, because of the known nonspecificity of the
particular anticore test that we were using, we needed a
second anti-HB-core test to nake sure the patient really
was core-positive. W used the PRISM HB core test or the
Chem | um nescent assay which is not yet licensed in the
U.S. but under FDA review.

[Slide.]

We al so | ooked for the presence of antibody to
HBs or HBs anti body and quantitated that, again, by using a
PRI SM assay. W arbitrarily took at cutoff value of 100
International Units per liter and we basically said that,
in order to go on to PCR, the units needed to be anticore-

positive by both assays, the screening assay and the PRI SM
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assay, and to either have absent anti-HBs or HBs bel ow 100
International Units. The reason for that is there are very
few, if any, reports of PCR-positives in persons who have
anti -HBs at titers of greater than 100 International Units.

[ Slide.]

So, for our PCR testing, we first carefully
aliquoted the repository sanples. My Kuhns' |ab at Abbott
did the research PCR assay using a priner and probe
sequence in the conserved core region. Sensitivity of 95
percent at 50 copies per m. W did replicate sanple
preparations and detections and any sanple that showed an
initial positive PCRresult, we aliquoted two additional
i ndependent aliquots, tested one at Abbott and the second
one at NG .

[ Slide.]

We started with about 5 million donations in the
repository. Over 40,000 were Corzyne reactive and net our
criteria. O these, we have 50,121 that were avail able for
further evaluation. Wen we evaluated these 50,121, if you
can concentrate on this line here, you will see there were
387 that were core-positive by the PRI SM assay and | ack
anti -HBs and there were another 2,963 that were core-
positive that had anti-HBs. | will break that down in the

next sli de.
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You can see that our criteria for |ow anti - HBs,
there were 844 sanples, 387 with absent sanples. So we
started with 1,031 sanples that were eligible for PCR
testing.

[Slide.]

Unfortunately, we could not test all of these.

W had sone issues about whether the donors had been
deferred or were still eligible to donate based on
different algorithns at the Blood Center. Since we didn't
want to get into a problemwth recall of units, if we did
find positives, we confined the testing to the indefinitely
def erred donors.

We had 498 of these. They were nore at one
particular site so we adjusted to get conparability.
Eventually, we tested 395 sanples in the DNA PCR assay.

[Slide.]

The results are here, broken down by the groups.
You can see that we had four positives. W tested 107 that
| acked anti-HBs. Al four positives came fromthis group.
Al'l the donors who had anti-HBs at |ow | evel s were HBV- DNA-
negative. So, of the 395 selected sanples, four, or
1 percent, were positive.

[Slide.]

Here are the four sanples. W tried to estinmate

their DNA copy nunber. This was done by the nunber of
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replicate reactions that were positive at NG and the
relative intensity of the band. So, at best, it is

sem quantitative. But you can see two of these we thought
were very lowtiters, 10 to 30 copies per m, two of thema
little bit higher, 50 to 100 copies per ni. Only one of

t hese had anti-HBe. They all |acked anti- HBs.

When tested on a nore sensitive surface-antigen
assay, the PRI SM assay, only one of these four sanples was
positive.

[ Slide.]

This is a little conplicated, but we could back-
cal cul ate based on our selection algorithmif we went back
to all units that were donated, how many woul d actually be
positive. So we had a rate of 1 percent, but, again, we
had to project that on all 50,121 tested sanples. So that
1 percent rate, we felt, would hold for the 1,031 and then
we assuned that the rest of the sanples with the high anti -
HBs or the nonreproduci ble core woul d be HBV- negati ve.

Then we had our overall close to 1 percent core--
positive rate. The bottomline is we cane up wth a nunber
that, if you took a unit off the shelf that was anticore-
positive and otherw se transfusable that there would be a 1
in alnost 50,000 risk that that unit had HBV DNA.

Then the inference is that those units would be

infectious. W don't know that for sure but | think any
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unit with HBV DNA we would want to regard an infectious.

So that is sort of the benefit of anticore testing in the
current--at least in the U S. environment from 1991 through
1995 where these sanpl es canme from

[ Slide.]

So, again, sone caveats here. | think | have
gone through this. Certain assunptions. Gbviously, our
yield could be limted by the sensitivity of our assay.

Al though it was sensitive down to 50 copies, we m ght need
even a nore sensitive assay. W couldn't drive this assay
because we had very limted sanple vol une based on
repository aliquots.

Agai n, these were fromrepository sanples. W
were not successful in bringing the donors in so we al ways
have the problem of not having confirned these.

[Slide.]

However, our conclusions fromthis study were all
four units lacked anti-HBs thus increasing the probability
that it mght be infectious. The use of the enhanced
sensitivity surface-antigen assay only detected one out of
four of the units and, actually, our rate of 1 in 50,000
i ndi cated that, had we not been doing test, transm ssion of
HBV fromthis source would be higher, probably, than what
has been estimted for w ndow period units.

[Slide.]
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So that is the first study. | amgoing to
present a second study with data supplied by who else, Dr.
Susan Stranmer, who seens to drive a lot of the data in this
field, but an Anerican Red Cross study along with NG . Let
me go through that now.

[Slide.]

This study had, as its primary objectives, to
determne the rate of HBV DNA in, again, core-positive
units. But these are units for which the plasma woul d be
used for further manufacture. In addition to determ ning
the rate, the issue was to quantify the HBV DNA | evel s so
that the Red Cross could operationally select an
appropriate pool size for perform ng m ni pool NAT on al
anti core-positive donations as a way of inproving the viral
safety margin in their submtted plasma pool s.

Qoviously, their pool size ultimately woul d be
dependent on the assay analytic sensitivity, the input
vol une and the pool size that they would take.

| am not going to get into the Red Cross
concl usi ons operationally because | don't know what they
were, actually, but what I do want to show you is how t he
data is relevant to the issue that we are discussing today.

[Slide.]

What they did was they took sanples fromall five

of their NAT | abs, approximtely 3,000 sanples. These were
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anonym zed so that donors could not be traced. These were
done from contenporary sanples this year. They were
negative on all other screening assays.

The sanple source was a frozen residual EDA
plasma fromthe PPT tubes that had been used for HV and
HCV, so these were optimally collected sanples. Then they
were assayed at NG for HBV DNA using their assays that |
think they use for source plasma, or simlar assays.

They used four different priner pairs, assay in
duplicate. And they call a sanple positive if DNAis
detected on any one of the eight reactions, as you saw
yesterday. Each unit had a 0.5 m input volune. At this
i nput volune, their sensitivity for their assay was
36 copies per ni.

Any positive sanples were then quantified by
their quantitative assay which has a sensitivity of 100
copi es per nl.

[Slide.]

What you can see here is, in the 3,000 sanples,
19, or 0.63 percent, of these units were denonstrated to
have HBV DNA. Eight of themwere quantifiable. Al the
guantifiable units had relatively lowlevels. Two had
100 copies per m. Three had 200 copies per m. Three had
500 copies per M. And eleven were not quantifiable. W

assunme that neans that they were bel ow 100 copies per ni
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but were, in fact, positive because they were picked up on
the qualitative assay.

[Slide.]

So, putting this data together with the REDS
study, I will summarize the studies on this sanme slide.

You can see here the REDS study sanples from 1991 through
1995, the Red Cross in the Year 2000. REDS ultimately
tested 395 sanples by PCR through the selection algorithm
The Red Cross tested all conmers and that was 3,000 sanpl es.
We had four DNA-positives. They had 19 DAN positives. You
can calculate the rate. W had to calculate the rate in
REDS by the algorithm| showed you. GObviously, the rate in
the Red Cross study is direct.

So our rate for core-positive surface antigen-
negative unit was 0.24 percent. The Red Cross rate was
0.63 percent. Calculating back to how frequently this
woul d be in a unit that was otherw se acceptable for
transfusion, |I showed you the REDS rate was 1 in 49, 000.
The Red Cross rate, when you cal cul ate back, was 1 in
37,000, very conparable nunbers. Copies per m of HBV DNA
were low. Al of the REDS sanples were equal to or bel ow
100 and, in the Red Cross study, two-thirds of the sanples
were equal to or below 100, very consistent data across two
studies with i ndependent study designs and different

| aboratories performng the tests.
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[Slide.]

So I think we can draw sone pretty strong
conclusions fromthis. Nunmber one, anticore-positive, NAT-
positive, units have | ow DNA copy nunmbers. This is
supported by data | think we can hear people in the
audi ence fromother countries have found simlar things.
When they are positive, they generally have very | ow copy
nunbers such that m ni pool testing, under current formats,
woul d not be expected to detect themin the majority of
cases, or alnost all cases.

Therefore, if we were contenpl ati ng dropping
anticore testing, this would be very unlikely and | would
say not acceptabl e under the context of m ni pool HBV NAT
testing. Oherwi se, we would inpose a risk of about 1 in
50, 000 potentially infectious conponents for HBV reentering
t he bl ood supply.

[ Slide.]

Maybe if we nove to individual donation HBV NAT
we woul d be able to detect these units. But it would need
to be a highly sensitive individual donation NAT. @G ven
the performance of these tests at | ow copy nunber and
Poi sson distribution considerations, it is still possible
that sonme units could be detected sone of the tine, maybe
at a 50 percent detection level, but that means they coul d

be m ssed sone of the tine as wel|.
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We woul dn't know that until we do nore studies.
So | think the conclusion here is discontinuation of
anticore testing mght be possible but only if a highly
sensitive individual donation NAT is devel oped. This nay
require, to get the kind of sensitivity we want, fairly
| arge sanple volune inputs. O course, this can be a
limtation in bl ood-donor screening. So | don't think that
the conclusions are in on this yet.

[Slide.]

How do we explain these units? Wy do we get
anticore-positive units that are DNA-positive? Nobody
knows for sure but the nost likely explanation is that
t hese represent people who have chronic HBV infection in
whi ch surface-antigen | evel s may have been hi gher
previously but they have declined to subdetectable |evels.

Al ternatively, these could be people who are
acutely infected and never really devel op enough surface
antigen to be detected. So, at least in these units, and
this is only a subset of units--but, in these units, HBV
DNA is present where there is no HBsAg and so at | east we
shoul d | ook at the question. Maybe HBV DNA will be nore
sensitive than HBsAg and maybe if we can't drop anticore
testing, could we drop HBsSAg testing.

| will cone back to that in the next few slides.
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Finally, a second potential explanation for these
ki nds of phenonena are that we actually have nutations in
antigens detected by surface antigen and we are not able to
detect it in the assay systens that we use. Cearly,
nmut ants exi st and they have been reported in other parts of
the world. But, to ny know edge, none have been reported
inthe US. So |l don't think that is the explanation for
the sanples in our studies.

[Slide.]

So, if then turn to surface-antigen testing and
ask the question could we ever drop surface-antigen
testing, where do we go with that? Nunber one, clearly,
this has been a very robust and inportant test in bl ood-
donor screening. It has been around and it has worked for
30 years so | think that anybody who wants to say we can
drop this test has a | arge burden of proof to bear.

But, in a sort of theoretical concept, they are,
in a sense, neasuring part of the same phenonenon and t hat
is direct viral detection although we know surface antigen
really doesn't have to be an intact virion.

So, as background, we get to the situation in
that these two assays, surface antigen and NAT, woul d need
to be conpared in at |least two different situations. One
woul d be the wi ndow period situation. O course, this

woul d all be anticore-negative so you would have to rely on
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one of these two tests to pick up these w ndow peri od
donations. We will hear about this in the next
presentation by Sue.

The second situation woul d be what about in
chronic carriers. How do the two tests performin chronic
carriers? W know that nost chronic carriers are also
anticore-positive so you could say it doesn't really matter
how t he two perform because our anticore test will pick up
nost of our chronic carriers anyway. But | don't think
that woul d be very reassuring. W would want to pick the
chronic carriers up by whatever direct assay we used as
wel | .

[Slide.]

So, do we have any data to bear on this? The
bottomline is we really don't have a |lot of data that we
can use at this point. W know that biology indicates that
the majority of carriers make lots of surface antigen
conpared to HBV DNA and that is they nmake | ots of defective
particles and that is why we can find surface antigen so
readily.

If you | ook at ol der studies, and I was rem nded
yesterday by Dr. Allain that a lot of the ol der studies are
not even this good. But one of the studies that we did in
REDS, at |east, indicated that approximately 5 percent of

surface-antigen core-positive donors are HBV- DNA-negati ve;
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



at

that is, we can find DNA in 95 percent of the cases but we
mss it in 5 percent. Oher studies suggest we mss it in
nore than 5 percent. But nuch of this is dependent on how
sensitive the PCR assay is. Cearly, these assays have
gotten better over the years and the studi es haven't been
done with contenporary assays.

So | think they need to be repeated to see what
the sensitivity of HBV NAT is in the context of current
testing. Just a point here that illustrates that in a
recent paper by Seto in Transfusion, tucked away in one of
his tables, you have two cases that they reported from
surface-anti gen-positive donors who are anticore-negative
who are NAT-negative and were inferred to be chronically
i nfected, and these people were originally negative on PCR
testing with small input vol unes.

But, when they increased the input volunes, they
were able to denonstrate DNA. So it may be that DNA is
present in these surface-antigen-positive sanples but you
may really need to drive the sensitivity of the assay to
find them

[Slide.]

One other group that is the chronic carriers who
are surface-antigen-positive but |ack anticore. These seem
to constitute about 2 to 5 percent of surface-antigen-

positives that are detected in U S. blood banks. W | ooked
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at this subgroup in REDS in a study we reported several
years ago. We were able to show actually that sone of
t hese donors were wi ndow peri od cases. They weren't
chronic carriers. They had very high HBV DNA | evel s,
hugely high titers. And they were in acute infection.

However, sone of these donors were HBV- DNA-
negative. Unfortunately, we could not conclude in this
study, because we didn't have donor follow up, whether
t heses surface-antigen-positive core-negative donors were
infected wth HBV, whether their sanple had been
contam nated for surface antigen because of |ab procedures
or whether they were fal se positive for surface anti gen.

So | just show you this to say that that is a
subset of donors that needs to be studied and there are no
studies that are definitive in that subset at this point.

[Slide.]

So | think that if we want to entertain the
guestion about surface antigen and its future, we really
need to do a | arge contenporary study using highly
sensitive HBV NAT and we need to follow up--we have to have
foll owup sanpling of donors to determ ne truth because we
are trying to eval uate one assay agai nst anot her and we
don't know which is really the gold standard.

But we coul d depend on donors having reproducible

results or seroconverting to anticore. W would need to do
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this to generate data concerning the possible replacenent
of surface antigen by HBV NAT in the context of continued
anticore testing.

Finally, this type of study, obviously, should do
guantitative viral |oads so you could get the information
as to if we were going to drop this test, whether it would
be feasible in mnipool formats or it would require
i ndi vi dual donation testing and then how sensitive that
i ndi vi dual donation testing would have to be.

Thank you.

DR. BI SWAS: Steve, thank you very nmuch for that
very interesting talk. | think that will be sort of a
wonderful tenplate for further discussions on this very
i nportant topic.

One or two questions | have. One is sinply a
definition. Wen you talk about w ndow period, | take it
you nean the period sort of pre-acute before the HBsAg
comnes.

DR. KLEINVAN: Ri ght.

DR. BISWAS: The reason | ask that is that,
traditionally, for us old folks in hepatitis, the w ndow
peri od has been when the HBsAg cones down in the acute
phase before HBsAg cones. That traditionally has been the

wi ndow period. So | think we need to be clear when we have
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t hese di scussi ons what we nmean by w ndow period in
hepatitis B.

DR. KLEINVAN: Right. This is nouveau fashion
wi ndow peri od, new contenporary w ndows. So it would nean
t he preseroconversion wi ndow, not that anticore tail.

DR. BISWAS: The other thing is that in the two
studi es that you presented, the REDS and the Red Cross
study, the HBsAg testing that was negative, this was al
done in licensed tests; correct?

DR. KLEI NMAN:  Correct.

DR. BISWAS: So they were not done in nore
sensitive tests under devel opnent.

DR. KLEINVAN: That's correct, except in the REDS
study, we did test those four sanples that were positive.
Only those four sanples were tested by PRI SM usi ng, |
guess, whatever--1 amnot sure what cutoff, whether it is
the one that is under evaluation by FDA or a | ess sensitive
cutoff, but three of the four were negative. So it does
inply that they m ght be m ssed.

Certainly, one consideration is whether to take
t hose Red Cross sanples and to test them by PRI SM surface
antigen. | guess that is a possibility. There are a
nunber of other purposes of that study that | descri bed
fromthe Red Cross so | don't know whether that will be

done.
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DR. BI SWAS: Lastly, when you were preparing for
this talk, did you see anywhere in the literature that
t here have been, say, chinpanzee studi es done on HBsAg-
negatives anticore-positives irrespective of the NAT?

DR. KLEI NMAN: There is one study that Fred
Prince recently reported on where he injected--1 can't
remenber if it was two or three chinps with units that were
NAT- posi tive, surface-antigen-negative, anticore-positive.
But they were also anti-HBs positive. So they were not
necessarily the nost likely to transmt units.

One of the theories is that if you have anti- HBs,
you mi ght conplex any virus that could transmt. He was
only able to--the bottomline is his results were he
couldn't transmt--those units did not transmt to the
chinps. But he used relatively small inoculation vol unes
into the chinps.

So | think it was interesting results but hard to
know whet her you coul d generalize fromthe ani mal nodel.
But that would inply that the units were not infectious.
But ny personal feeling is, in the absence of concl usive
evi dence, you would have to think that a unit that has HBV
DNA, given the fact that there are such high rates of
transm ssion fromneedle-stick injuries--admttedly, that

could be frompeople with very high titers.
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When you are transfusing a blood unit or a unit
of platelets with 50 ccs, you don't need very many copies
per mM to get, | think, a reasonably high inoculation
volune. So it may be possible that not all these units
would transmt, but | think we would need good proof that
they were nontransmtting units.

In the absence of proof, we would have to take
the conservative attitude. Here | am preaching to the FDA
to take the conservative attitude. It is kind of funny.

We need to take the conservative attitude that these were
potentially infectious units.

DR. BI SWAS: Thanks a lot. Conservative with a
small "c." Any nore questions?

DR BIANCO Celso Bianco. Steve, at a rate of 1
in 50,000--that is 260 potential transm ssions a year. Wy
don't we see that?

DR KLEINVAN. W don't see those 260 because we
are doing anticore testing. So the question is why didn't
we see them before we did anticore testing? | think it is
an i nportant point and that is probably--if HBV is going to
be transmtted in the transfusion setting, for the nost
part, it is going to be handled by the recipient. W know
that at |east nost adults that contract HBV resol ve the

acute infection and don't go on to become chronic carriers.
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So | don't have the explanation other than to say
t hat post-transfusion hepatitis B could often be a
subclinical infection wwth no chronicity. Therefore, you
coul d ask the question how inportant is it to actually
prevent an infection |like that.

The di sease burden brought on by transmtting HBV
| think is likely to be very low. And that is an inportant
consideration, | think, in any policy discussions.

DR. ALLAIN: Steven you nentioned the studies
done in the higher preval ence area, and we have done one of
those. W have found ei ght sanples out of 576 individuals
anti HBsAg- negative to be DNA-positive. As you showed, all
of them are bel ow 200 International Units per ml.

The second inportant information, and we did that
in collaboration with GenProbe, is that 98 percent of
HBsAg- positive were DNA-positive. |If | can offer an
opinion, if I had to drop one test out of HBV DNA, HBsAg
and anti-HBC, | would drop HBsAg, the reasons being that
HBV DNA has an advantage in the preseroconversion period
and also a little bit of an advantage, nmuch less than in
t he seroconversion period, at the late stage of chronic
carri age.

The advantage of anti-HBC is that possibly you
can avoid sone infectious unit that would be m ssed by HBV

DNA. So this pair of tests seemto ne to nost effective
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froma safety point of view probably not from an
operational point of view

DR. KLEI NVAN: Thanks, J.P. | think one of the
reasons bl ood bankers, for the |ast few years, have been
t hi nki ng about dropping anticore is, of course, that has
been a relatively nonspecific test and a test with a high
repeat-reactive rate. So the benefits of dropping it in
ternms of |ack of appropriate donor deferral and
avai l ability outweigh surface antigen. |In other words, the
benefits to the system if you could drop anticore for
safety concerns, would be a |lot nore availability of bl ood
t han droppi ng surface antigen.

But | think, fromthe safety viewpoint, | agree
with you. Now that we have the data, dropping anticore in
the context of putting in HBV NAT, anticore would seemto
be nore inportant than surface antigen although we may have
a cocktail of all three.

DR. BIANCO | think we should do one nore
guestion. Larry?

DR MMV: This is Mmrs, GenProbe. | think
that surface-antigen mutants have been di scovered in just
about every popul ation that has been exam ned thoroughly in
the right way. There are exanples in the United States.
One was from McAffee a few years ago. It was really an

interesting sanple. It showed an insertional deletion of
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two amino acids in the A antigenic region. So there are

exanples, | think, in virtually every population of S
mut ant s.

DR, KLEINVAN.  Thanks, Larry. | m sspoke on
that. | guess | should have said they were not as common

in the U S and, because they are relatively uncomon, they
probably don't explain the phenonena here. But thanks for
t he correction.

DR. BI SWAS: Thanks, Steve. Qur next talk is by
Dr. Susan Straner of the Anerican Red Cross. She wll be
sunmmari zing the recent HBV studies including our own. Her
talk is entitled Conparative Sensitivities of HBsAg and HBV
NAT Assays.

Conparative Sensitivities of HBsAg and HBV
NAT Assays

DR. STRAMER: Thanks, Robi n.

[Slide.]

As Robin referenced, | will be summarizing two
recent studies that | ooked at conparisons of HBsAg and HBV
NAT assays. Both were presented at the AABB this Cctober,
so what we did is we just conpiled these two studies into
one presentation that | will review

The authors on the FDA study, which was a

col | aborative study, are |listed here and the authors on the
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Red Cross study are listed here. | would like to
acknowl edge all of them

[Slide.]

Al so, we would like to acknow edge the NAT Study
Group which was very inmportant in the structure of all of
t hese studies providing support and a really good worKki ng
group to outline and to inplenment a | ot of the studies that
we have tal ked about in the |last two days.

[Slide.]

As background, HBV NAT has not yet been
i npl emrented for bl ood-donation screening. This reflects
the |ikelihood the newer HBsAg tests may have equa
sensitivity to prototype HBV NAT assays using pool sizes of
16 to 24 donations. In order to evaluate this, the two
studi es were perforned conparing HBV NAT and HBsAg. | wll
refer to themas the FDA study and the ARC st udy.

[Slide.]

By way of background, | want to show two profiles
of HBV during seroconversion. This is time on the X axis,
viral load, and signal -to-cutoff ratio. Here you can see
HBsAg and HBV DNA early in seroconversion during viral
ranp- up and then cl earance by the appearance of anti body
later in time. These are cutoffs theoretically inposed by
an NG assay just to see where detection would be. In this

case, the first HBsAg-positive sanple corresponds wth the
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



at

first DNA-positive sanple if one were to use a pool of 512,
for exanpl e.

Here you woul d see one positive DNA sanpl e but
bel ow the cutoff of the assay. So, again, the |ow viral
| oad seen is seen in this seroconversion.

[Slide.]

Here, again, you see the sane thing where HBsAg
antigen and DNA rise very early and rapidly in the case of
this panel and then decrease with the devel opnent of
anti body. Actually, with core antibody, this person didn't
devel op a strong anti-surface response but did have a
strong anticore and was reactive in surface.

But the point of the slide here is there was a
smal | shoul der of three sanples that were bel ow the | evel
of detection by a DNA-pool ed test.

[Slide.]

Compi I ing 13 of such plasma panels and | ooki ng at
the viral l[oads during different phases of seroconversion,
and, again, two different cutoffs by an NG pool test, here
we have the pre-HBsAg-positive sanples using currently
licensed tests. The nedian of the sanples in these
thirteen plasm panels was about 600 copies per m which
was below the cutoff of the assay. So the majority of the

sanpl es woul d not be detected and using a conventi onal
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cutoff, we would have only detected three, so, relatively
poor yield of a pooled NAT test.

[Slide.]

Then, coupled with that, we know there are newer
HBsAg tests in devel opment. So, if we ook at a
theoretical tinme line on the X axis here, viral | oad,
again, on the Y axis, if we |look at 25 panels, the HBsAg
El A test that we use today woul d cover relative to this
period of time during the HBV wi ndow.

Then PRISM or |ooking at nore sensitive surface-
antigen test, we would go into the preseroconversion period
at about 6.8 days, detecting those sanples that had about
this viral load, up to 3,500 copies per m. But then there
woul d be a period of time where DNA would still be positive
HBsAg-negati ve even by the nost sensitive tests and these
woul d correspond to sanples having very |low viral | oads.

As Dr. Kleinman just went through, as PRI SM cuts
into the period of the window that is traditionally the
anticore wi ndow where core and surface anti body are com ng
up, here, again, we see very |low viral copy nunbers.

[Slide.]

One thing that we do knowis that if we | ook at
FDA-licensed tests and sone of the unlicensed procedures

that we have, we know fromearlier studies that there is

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



at

about a one-log variation in detection of purified
nanograns per m, purified HBsAg, by the various assays.

So, knowi ng this, we wanted to expand the dat aset
and actually see what the variability was and then conpare
this to the use of NAT either in a single-donation platform
or in pool testing. And that is background to the two
st udi es.

[Slide.]

So the FDA Study goals were to estimate the
increase in the yield of HBV infectious units detected
conparing current HBSAg assays, newer nore sensitive assays
that are not yet |icensed, pool testing nmethods for NAT and
si ngl e- sanpl e NAT techni ques.

[Slide.]

Ten sanples fromeach of ten sel ected
seroconversion panels were chosen for both HBsAg and HBV
DNA testing or 100 sanples. Sanples represented the vira
pre-ranmp-up period and viral ranp-up phases. There were
al so controls of 28 sanples which included the CBER | ot -
rel ease panel that contains various concentrations of
HBsAg. The WHO HBV DNA standard that were run at three
different dilutions, 40, 400 and 4000 International Units
per m, and then negative sanples. Fourteen sanples were
prepared and they each were run in duplicate.

[Slide.]
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Al'l 128 sanples nentioned were coded and tested.
Seven HBsAg tests were perfornmed under code by the FDA
HBV NAT assays were perforned by four nmanufacturers and
t hese included another series of seven tests; a 1-to-512
dilution, a 1-to-1200 dilution fromsource plasm, two
whol e-bl ood assay formats, one run in a dilution of 1-to-
16, one run at 1-to-24 and then three manufacturers tests
run in single donation.

[Slide.]

The anal ysis perforned included an estimte of
t he HBsSAg concentrations of the cutoff using the CBER | ot-
rel ease panel, and that is nanograns per ml; an estimate of
the viral load at the assay cutoff using the WHO HBV DNA
standard, and that is reported in International Units per
m; a conparison of the viral detection in pre-ranp-up and
ranp- up phase specinens; an estimate of the viral |oad at
the cutoff based on the HBV doubling-tinme nodel that M ke
Busch tal ked about yesterday; to conpare the w ndow peri od
di fferences between the HBsAg assays and those assays
relative to NAT performed in pools or in single
donati ons. cc

[ Slide.]

And to take those w ndow period estinmates and

then project increases in yield of HBV-infectious units
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detected, again, as | said, based on w ndow peri od
di fferences and known HBV i nci dence.

The incidence for this study included the REDS
HBV i nci dence of 5 per 100,000 person years. | just
i ncluded the ARC HBV inci dence because the REDS incl udes--
well, it does include three Red Cross centers fromthree
| arge urban areas but just to conpare this to the
systemm de incidence data over a simlar period of tine,
which was a little bit |ower but overall conparable.

[Slide.]

Now, to look at the results or the anal ysis that
| presented in the order that | presented them First, we
had the CBER | ot-rel ease panel. Here you can the assays,

t he seven HBsAg assays (A) through G The unlicensed
assays are indicated by parentheses so here we have the
three unlicensed assays which actually, overall, perforned
better than the current |icensed assays.

The range reported here was 0.09 to 0. 63
nanograns per m so it is conparable to the earlier range |
showed you of 0.08 to 0.7. So we are basically seeing, in
a larger dataset, that these results repeat.

[Slide.]

Looki ng at the WHO standard, here you have the
sane overall pattern but now assays (A) and (B) switched so

we have (A) being the nore sensitive followed by (B). The
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range here in U per nl 88 to 1,014 International Units per
m. | just did the conversion factors of four copies per
| U because | only can think in copies per m.

So, for those like nme, it is about 350 to 4,500
copies per m. But the point here is using two different
ways to anal yze differences in HBsAg sensitivities, you
basically see the sane overall trends that nost of the
currently licensed assays have | esser sensitivity than the
new assays under FDA revi ew.

[Slide.]

Looking at the pre-ranp-up and the ranp-up HBV,
the ten seroconversion series, the 100 sanples, ten of them
came fromthe pre-ranp-up period. 90 cane fromthe ranp-up
period. If we list the assays in order of sensitivity, the
seven HBsAg assays, there was only one pre-ranp-up sanple
that was detected and it had a very low Sto-COratio. So
we don't know how reproduci bl e that woul d be.

But | ooking, then, at the range of detection of
the ranp-up sanples, it is 61 percent to 31 percent, or
shoul d say 31 percent to a high of 61 percent. This
transl ates, at the assay cutoff, to copies per nl of 568
for the nost sensitive assay to 10,000 copies per m. So
that is quite a range. And 95 percent confidence intervals
are provided.

[Slide.]
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If we take this last colum of data and plot that
just so we can see relative differences, it results in this
pl ot where here we have the unlicensed assays agai nst copy
detection of the assay cutoff versus the currently licensed
assays.

[Slide.]

| f you take the doubling-tinme graph that M ke
presented yesterday, although |I don't think he presented it
for HBV, this cones froma conpilation of 23 seroconversion
panel s taking the quantitative viral |oads and applying a
| ongi tudi nal regression analysis. So we get a viral
doubling tine line here.

| f you apply that line to | ooking at viral | oads
here, log of viral |oads on the Y axis and w ndow peri od
reduction on the X axis, what was done is the | east-
sensitive and the nost-sensitive assays were plotted here
to | ook for wi ndow i nprovenent. So we have the best assay
detecting 568 copies per mM and the | east sensitive
detecting over 10,000 copies per m, how does that
transl ate to w ndow peri od cl osure?

Looking at it in terns of the |ongitudina
regression analysis, it closes the window by 11.5 days.

[Slide.]

Looking at this with the actual data using a

nodi fi ed Markov nodel which didn't ook at any quantitative
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data but just eval uated each assay for w ndow-peri od
closure directly, if we look at the two unlicensed assays
agai nst two comonly used--if we | ook at the unlicensed
assays which had the best sensitivity against two commonly
used |icensed assays, instead of generating an 11.5-day

wi ndow period reduction, we actually generate a little bit

| onger wi ndow period difference, 12 days to 15 days, where
t hese positive val ues represent the w ndow-period reduction
achi eved by the use of the unlicensed test.

Both of these were significant. Looking at the
ot her unlicensed tests, they were nonsignificant because
t he wi ndow period reductions were | ess.

[Slide.]

Switching to | ooking at the seven NAT assays
exam ned, here we have the ten pre-ranp-up sanples and the
90 ranp-up sanples. So here, unlike the HBsAg assays, we
did detect nore positive sanples in the pre-ranp-up peri od.
As one assunes, single-unit testing performed better than
doi ng pooled testing. The same held true for ranp-up
period. Here we had over 80 to 99 percent detection of the
90 sanples in the ranp-up period by single-unit NAT testing
versus | ower nunbers for pooled testing, 56 to 71 percent.

| f we conpare that to what | showed you for the

di fferences between the seven HBsAg assays, that range for
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detection of ranp-up sanples was 31 to 61 percent, so we
had nore detection here with the pool ed NAT tests.

[Slide.]

However, if you translate this all |ooking at the
di fferent HBsAg assays, the two that | showed you that were
unl i censed, the nost sensitive, two comonly used |icensed
assays against the single-unit formats for NAT and then the
pool ed formats for NAT, the plasma and the two whol e- bl ood
manuf acturers, we see that, with single-unit testing, we do
get significant, in all cases, inprovenents in w ndow-
period closure by NAT as conpared to any HBsAg assay.

These are all the wi ndow periods given here. In
conparison to licensed tests, we see a range from 25 days
as a lowto 36, just over 36, days as a high. So if we
have single-unit assays, they do outperformall the HBsAg
assays.

Looki ng at pool ed NAT wi ndow peri od reduction
relative to these tests, we don't see as high w ndow peri od
closure. In fact, with the case of assay A, we actually
see that the HBsAg relative to these two pool ed NAT tests
actually had better w ndow period closure than did pool ed
NAT.

[Slide.]

So if you put all of the data together to

conclude with the benefit of the new NAT detection nethods
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are as conpared to licensed nethods, we saw w ndow- peri od
reductions for the new HBsAg tests ranging from1ll to

15 days, for pooled NAT from9 to 11 days, and for single-
unit NAT, from 25 to 36 days, an applying incidence of 5.1
per 100,000, and translate this to 10 million donations
annual ly, this gives you the nunber of units that we woul d
det ect .

So, looking at the newer HBsSAg tests, about 15 to
21. Looking at pooled NAT, 13 to 15. So anywhere from 13
to 20 using any of these two technologies. But, with
single-unit NAT, again based on low viral load early in
seroconversi on, this would give us the greatest inprovenent
with a yield of 35 to 50 projected per year.

[Slide.]

Looki ng at a second study, the Red Cross study,
we did sonething simlar. Qurs was not done under code.

We actually obtained 17 additional seroconversi on panels.
So if you |l ook at these two studi es together, because they
were uni que panels, we |ooked at a total of 27 commrercia
seroconversi on panel s.

These panel s were newer and not yet characterized
by bioclinical partners so we hel ped them characterize it
and use the data for the purpose of this study.

What we conpared was the Abbott PRI SM the

current Procedure C by Abbott and the current Procedure B
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



at

by Otho and the Genetic Systens 2.0 static assay with the
data provided by the vendor. W didn't actually run this
assay but BCP al ready had.

This included 225 sanples. The PCR testing was
done by NG wusing their UtraQual test and 156 of the 225
sanpl es, or 69 percent, were positive by the qualitative
test. Al Qual-positives were refluxed down to the Quant
test which is 100 copies per m relative to the Qual test
at 4 copies per m. If we had a discrepancy that is Qaul-
pos, Quant-negative, for the purposes of analysis, assigned
50 copies per m.

HBsAg concentrati on were determ ned using
purified standards. In regard to neutralization testing
for PRISM rather than running all the PRI SMpositive
sanpl es by neutralization, all we didis we would run the
first in a PRISMreactive series or any sanple having and
S-to-CO of 1-to-2.

[Slide.]

The cutoffs used to extrapol ate--unlike the FDA
study, we didn't actually run pool ed sanples, but we
extrapol ated cutoffs used for pooled testing and the
cutoffs that we used were 1600, 1000 and 320, dependi ng on
what type of endpoints you were | ooking at for detection of

NAT, a 50 percent or a 95 percent endpoint.
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But the inportant part is if you | ook at three
different cutoffs relative to HBsAg, | think that is the
val i d conparator.

[Slide.]

| will show you for three assays the detection of
the HBV DNA sanples, the 156 sanpl es, against three HBsAg
assays. Here you have the viral load on the Y axis. So
here you have the cutoff for HBsAg and the cutoff that |
menti oned of 1600 copies for NAT

The box that is inportant here, or the quadrant
to ook at, is the quadrant here because it shows those
t hat woul d be HBsAg- negati ve but pool ed NAT or NAT-positive
if we were to use a cutoff of 1600. So, using this
particular test, we have 36 sanples that were HBsAg-
negati ve and NAT-positive at a cutoff of 1600.

[Slide.]

Going now to another FDA-licensed test, 36
reduces to 21. So this assay did have better sensitivity,
slightly.

[Slide.]

Going to an unlicensed test PRISM instead of
seeing 36 or 21 sanples, we actually only saw five sanpl es
here in the quadrant that is HBsAg-negative, NAT-positive.
| didn't discuss the quadrants in the other slides, but

they had 71 in one sanple in these quadrants. So,
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interestingly enough, an additional five sanples were
pi cked up here that were HBsAg-reactive but woul d be
negative by NAT at a 1600 copy cutoff.

Actual ly, one of these sanples had a relatively
low viral load simlar to one of the sanples that Dr.

Kl ei nman showed in his previous presentation. So there
woul d be sone | ow copy- nunber sanpl es detect ed.

[Slide.]

That was with a theoretical cutoff of 1600 copies
per m. But what if the cutoffs were reduced to 1000 or
320? How many additional sanples would be picked up by NAT
t hat woul d not be picked up by HBsAg. So, going from 1600
to 1000, we basically get no inprovement, one sanple that
was al ready picked up by PRISM one sanple here that woul d
have been negative by a current test and another negative
by another current test.

But if we drop the cutoff to 320, we get nore
substantial inprovenents, especially in the HBsSAg- negative
sanples. So we would be looking at a mininmum | think, of
a cutoff closer to 320 rather than that of 1600 or 1000.

[Slide.]

Looki ng at the observed data, plotting viral
| oads over tine, |ooking at each assay, this is when the
first PCR-positive sanple was detected and their viral

| oads, a nmedi an of just over 100, again, |ow copy nunber.
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The | ast PCR before any HBV test was detected, HBSAg test
was detected, as positive. Here we had 21 days, again, of
relatively lowviral |oad

But PRI SM sanpl es, or | should say the PRI SM
popul ation is here with its nmedian at about 10,000. Then
t he ot her assays.

[Slide.]

That was observed data. But what if we do a
linear regression to try to estimate what is the actual
viral copy nunber that corresponds to a signal-to-cutoff
ratio of 1 by these assays? How nuch virus does that
correspond to?

So we did the regression with either the first
positive sanple and the |ast negative sanple, the first
HBsAg-positive to the | ast HBsAg- negative or we used four
sanples in the analysis or we used six sanples in the
anal ysis to nake it nore robust.

But, in either case, for PRISM you see the S-to-
CO of 1 corresponds to about 1400 copies per mM and for two
i censed assays, they correspond to nmuch higher viral | oads
of about 4,000, 5,000 to over 10,000 copies per m, again,
which is conparable to what | showed in the FDA study.

[Slide.]

So, summary and conclusions in this study and

refl ecting back on what we saw in the FDA study,
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significant differences in sensitivity do exist between
HBsAg assays. The detection of purified HBsAg ranges from
greater than 0.7 nanograns for |icensed assays to 0.1 to

0. 08 nanogranms per m for Abbott's PRI SM

This difference translates to a nean of 17.5 days
or 20 cases detected per 10 mllion donations. That is
usi ng our incidence of 4.5 per 100,000. Interestingly
enough, fromthe FDA study | ooking at best to worst, they
showed an 11 to 15 days inprovenent with 15 to 21
additional cases identified per 10 mllion, so a very
conpar abl e out cone.

HBV DNA can be detected for a nean of 21 days in
t hese sanples prior to the appearance of HBsAg even using
the nost sensitive HBsAg test. The nmedian HBV DNA titers
i n HBsAg- negati ve sanples are 100 to 500 copies per nm wth
75 percent |less than 2,000 copies per m.

[Slide.]

This is just nore detail. PRI SMdetects HBV DNA,
at least in this study, at 1400 copies per nml plus higher
viral loads for currently |icensed assays and we saw that a
cutof f of 1600 was about equival ent to pool ed NAT so that
we woul d want to drop the cutoff either for pool ed NAT or
an individual HBV DNA cutoff of something not to exceed

320.
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The use of a nore sensitive HBsAg assay appears
to be equivalent, as | just said, to the perfornmance of
pool ed NAT using a cutoff of 1,000 to 1,600 copies per ni.

Thank you.

DR BI SWAS: Thank you very nuch, indeed, Sue. |
really hate to do this but we are so far behind--it is nore
than half an hour--unless there are any sort of burning
questions, | think we really ought to nove on to the next
speaker.

Qur next speaker is Dr. Stephen Lee from Otho
D agnostics. His talk is entitled Use for Serol ogical
Tests for HCV Core Antigen for the Detection, Diagnhosis and
Moni toring of HCV Infection.

Use for Serological Tests for HCV Core
Antigen for the Detection, Diagnosis and Mnitoring
of HCV Infection

DR LEE: Thanks, Robin.

[Slide.]

Most of ny presentation is going to be about the
use of HCV core antigen detection technol ogy in bl ood-
screeni ng application and al so di agnosis and nonitori ng of
HCV i nfecti on.

[Slide.]

But before | get into that, | wanted to briefly

touch on the inportance of HCV antibody testing in the
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current NAT environnent since it seens to be a topic that
is germane to this forum These are summary data

obtained froma recent TTVS and REDS study that was
publ i shed recently where they | ooked at 105 donor-recipi ent
pairs where the recipient received one NE HCV-reactive unit
froma donor.

They | ooked at rates of transm ssion as judged by
seroconversion of the recipient conpared to the RNA status
of the donated unit. As you can see, there is a very high
rate of transm ssion in the RNA-positive unit but there are
also two anti-HCV-reactive units that are RNA-negative that
resulted in transm ssion.

[Slide.]

This is data fromthe sanme study. Again, these
are the two cases of anti-HCV-reactive seropositive units
that resulted in transmssion in the recipient. But there
were also a significant nunber of units that were
di scordant between the two RNA tests. O these, seven of
the eight resulted in transm ssion indicating that a | ow
viral load in the seropositive unit can also result in
transm ssion at a rate that is conparable to the rate of
transm ssion with higher viral | oad.

[Slide.]

There is a lot of data on this slide.

apol ogi ze. \What this is is actually data from a
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seroconversion series. Actually these next two slides are
profiles fromthe plasna donors that were studied as part
of the presentation that was nmade yesterday in the

col | aborati on between Leslie Tobler, Bayer and Chiron

| ooki ng at seropositivity conparing second- and third-
generation i nmunoassays in early seroconversion.

This is a plasma donor undergoi ng seroconversi on
who mai ntains a very |ow | evel of antibody over a period of
si x months such that it is nonreactive in second-generation
assay, reactive in 3.0. The individual shows no
devel opnent of antibody in RI BA over a six-nonth period
yet, throughout this period, the individual is strongly
reactive in a licensed diagnostic anti-HCV assay and is
RNA- posi tive throughout.

[ Slide.]

Simlarly, in a second case, again, the
i ndi vidual is discordant between 2.0 and 3.0 over a five-
nmonth period. In this case, the individual develops a
positive response in RIBA but there is no evolution of the
pattern in RIBA 3.0. The This individual maintains
reactivity to G100 and C-33C throughout, again strongly
reactive in the licensed diagnostic assay. This tine, the
i ndividual is sporadically positive by PCR

[Slide.]
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Moving on to HCV core antigen detection, this is,
obvi ously, serological detection of circulating HCV core
protein, represents an alternative marker for virema. It
has applications for early detection of infection
preseroconversi on before devel opnent of anti-HCV, also,

di agnosi s and confirmation of virema, a quantification of
viral load and nonitor on patients undergoing treatnent. |
w Il show sone data on those applications |ater.

[Slide.]

We di stinguish between two types of HCV core
antigen detection, at |east based on the stage of
seroconversion. Detection of so-called free HCV antigen--
that is, before the devel opnent of anti-HCV--and this is
obviously inportant in terns of early detection of
infection. This is the basis for the current HCV antigen
1.0 screening assay which is in use in some countries in
Eur ope.

Then detection of what we call total HCV antigen-
-that is antigen that has becone conpl exed with anti body
follow ng seroconversion. This is the basis of the second
generation assay or total HCV core antigen which has
application, obviously, for diagnostic testing and al so
potentially for early detection also since it can detect by

free and total antigen.
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It has al so been devel oped as a nore sensitive in

terms of analytical sensitivity. | wll show sone data on
t hat al so.

[ Slide.]

This is sinply the assay format. It is a

standard m crowell format using anticore nonocl onal s coated
on mcrowell which trap HCV core antigen. The bound
antigen is then detected by additional anticore nonoclonals
whi ch are conjugated to an anplified peroxi dase system

[ Slide.]

In terns of blood-screening application,
obviously there are sone very attractive features of the
technology with regard to identifying preseroconversion
units. Cearly, it is conpatible with currently autonated
I nmunoassay systens. It is suitable for high-throughput
Screeni ng.

There is a conparatively short tine to result for
release units and it is cost-effective and easy to
i mpl enent. Cbviously, these factors have wei ghed
significantly in the inplenentation of this assay for donor
screening in sone countries in Europe.

[ Slide.]

This is a typical seroconversion profile. This
is data actually generated with the 1.0 test show ng that

HCV core antigen and RNA devel op at approxi mately the sane
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time, at about 46 days in this case relative to the
evolution of antibody. Again, in the plateau phase
follow ng ranp-up, there is a relative high viral |oad as
j udged by antigen and RNA

[ Slide.]

In terns of the current status of the HCV antigen
1.0 assay, in ternms of blood screening, the assay is now
wi dely used in sone countries for screening bl ood
donations. Mst of the donations in Italy are currently
been screened with the assay. It is a very wdely used
test in Spain and, | believe, all the donations in Pol and
are now being screened with this assay.

There have been various published reports | ooking
at the tine-to-detection of HCV infection of the HCV
antigen assay conpared to NAT. Cenerally, the consensus
val ues fromthese studi es have been that antigen is
detectable within two to five days of detection of RNA

The sensitivity in the plateau phase of
preseroconversi on where viral |oads are very high has al so
been shown to be very good, 94 percent in one study. There
have al so been studies showi ng that specificity has proven
acceptabl e for donor screening. So, at |east in sone
countries, the HCV 1.0 assay has provided a significant
i mprovenent in transfusion safety over the use of anti-HCV

screeni ng al one.
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[Slide.]

These are, again, data generated fromthe HCV 1.0
test looking at viral load in preseroconversion speci nens
when those speci nens were categorized by their signal -to-
cutoff in the HCV anti gen assay.

This is a study of 128 preseroconversion
speci nens of which 94 percent had detectable HCV anti gen.
The majority of these 78 percent had strong signal -to-
cutoff in the ELI SA and an average viral |oad of
approxi mately 900, 000. There was a group that had signal-
to-cutoff between 1 and 5 and had an average viral |oad of
150, 000.

Then, of the 6 percent that were nonreactive in
the ELI SA, the average viral |oad was 43, 000.

[Slide.]

This is nore recent data that is in press froma
study that was conducted in Spain, again just show ng the
identification of preseroconversion specinmens by routine
application of the HCV antigen 1.0 assay. This is a group
in Barcelona who identified a preseroconversion speci nmen
that the initial donation was strongly reactive in the
ELI SA confirmed by the neutralization procedure, had a high
viral titer and then the individual was brought back a
month later and was still reactive in the antigen assay,

confirmed, again, high viral titer
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And now there was the beginning of the evol ution
of anti body and el evati on of ALT.

[Slide.]

So, typically, we see evolution of RNA and
antigen at at |east conparable tines in the
preseroconversi on wi ndow. Studies from post-transfusion
cases have indicated it is approximtely two weeks
followng infection and there is a rapid viral ranp-up
phase during which HCV anti gen and RNA devel op very rapidly
foll owed by a plateau phase of relatively constant,
al though with some variation, in the | evel of RNA then,
wi th anti body devel oping, at |east by third-generation
tests, being detectable, on average, at 70 days foll ow ng
i nfection.

So we knew from studi es that the HCV antigen
assay was relatively sensitive in this plateau phase but we
al so wanted to look at the sensitivity relative to NAT in
this early ranp-up phase.

[Slide.]

The following slides are part of a study that was
done in conjunction with the REDS study group from West at
who | ooked the sequential sanples from 37 donors who were
in the ranp-up phase preseroconversion. Then these studies
were tested for viral | oad and used to construct the

| i near-regression nodel showi ng a doubling tine of
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approximately 15 hours in ternms of viral load relative to
the time fromindex donation.

These speci nens were, then, also tested on both
the antigen 1.0 and the antigen 2.0 assay in order to
deternmine the sensitivity at cutoff in terns of equival ence
to detection of RNA in ternms of copies per nl.

[ Slide.]

These are the results of that analysis. As you
can see, the antigen 1.0 had sensitivity equivalent to
32,000 copies per nl whereas the second-generation test,
which is nore sensitive, had a sensitivity of 8,000 copies
per m. Then, when these were extrapolated fromthe
i near-regression nodel, it was possible to conpare the
differential times-to-detection of HCV infection relative
to an NAT assay assuned to have a sensitivity of 100 copies
per m.

This resulted in a differential between the
first-generation test, an NAT of 5.2 days, and, for the
second- generation test, the differential of 3.8 days.
didn't put the confidence intervals in this slide. They
were rel atively narrow, plus-or-mnus two days in both
cases.

Clearly, this differential, in ternms of tine-to-
detection, is relative to an overall preseroconversion

wi ndow of approximately 60 days nost of which has a
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relatively high-titer virema which is not, obviously, part
of this study where we were | ooking at the ranp-up phase.

But these differentials, in terns of days, can
then be used to calculate differentials in terns of yields,
interns of the differential detection of NAT and the
antigen assays when applied to the bl ood-donor popul ation
based on cal cul at ed i nci dence rates.

The differential was approximately 6 units per
10 mllion units screened for antigen 1.0 and the
differential for antigen 2.0 versus NAT was approxi mately 4
units. You can, therefore, approximate that the cal cul ated
yield per 10 mllion units screened would be 56 for NAT, 52
for antigen 2.0 and 50 for antigen 1.0.

[Slide.]

Goi ng on to the diagnostic application which, |
think, is also very inportant, | nmention that the
di agnostic application requires the pretreatnent of
speci men to di ssociate bound anti body in order to detect
the core antigen. This involves a pretreatnent which is
heated for 56 for 30 m nutes.

The pretreated specinen is then run through the
i mmunoassay which is a very simlar format to the bl ood
screening assay. | should say, in the diagnostic assay, at
the sane tinme, a standard curve conprised of four

calibrators with known anounts of core antigen is run on
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the same plate and then the results fromthose speci nens
are used to calculate a standard curve.

Then the signal fromthe specinmen can then be
extrapolated fromthe standard curve to generate a
guantitative result in picograns per m. The overal
turnaround tinme for the assay is around three hours.

[ Slide.]

This is data fromDr. Fabiani in Angiers, France,
who has studied the correlation between HCV antigen | evel s
and viral load by RNA testing in chronic, untreated,
patients. She found a very strong positive correlation
with a correlation coefficient of 0.8, a slope of 0.9 in
this study. Again, this is the viral load as plotted in
the logs of International Units per m, as conpared to
antigen, which is the log of the picogramper m nmultiplied
by 10, 000.

[ Slide.]

Again, this is simlar data conparing the
distribution of viral |oad as neasured by PCR, bDNA or HCV
at testing. Again, the plot is on a log scale and the only
transformation is that all of the picograns per m were
mul tiplied by 10,000 to get themon the sane scal e.

You can see the distribution of virema is judged
to be very simlar by all three methods. |In fact, the

mean, in terns of logs, is indicated in the bottom
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[Slide.]

The next series, actually, of slides show a
series of patients who were studi ed under therapy | ooking
at the pattern of evolution of both HCV RNA as well as HCV
antigen. These are what Dr. Fabiani terms ultrafast
responders. You can see a very rapid elimnation of RNA
under treatnents. The X-axis shows nonths follow ng
treatnment and also follow up after cessation of therapy.

Then the sane patients were studi ed | ooking at
HCV antigen levels. You see a very simlar profile in
terms of the elimnation of HCV antigen in these patients.

[ Slide.]

This next set represents rel apsed response where
you saw initial elimnation of RNA followed by rapid
rebound in RNA | evels after cessation of therapy. The
results in the HCV antigen testing, in terns of the
guantitative |load of picograns per m, is a very, very
simlar pattern in these patients.

[Slide.]

These are sl ow responders to conbi nati on therapy.
But they did maintain response after cessation of therapy
and, if you | ooked at HCV-antigen profiles, again, it is a
very simlar pattern of evolution of HCV antigen.

[Slide.]
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These are another group of partial responders
where there was a slow decline in RNA | evels but then a
rebound foll ow ng cessation of therapy. The results, in
ternms of HCV antigen |evel were also very, very conparable.

[ Slide.]

Then, finally, a group of nonresponders which
mai ntai ned relatively high |Ievels of RNA throughout.

Again, the profile in this group was very simlar when
antigen was quantified. So, in her patients, she was
observing very simlar clinical information when she
studied HCV antigen levels conpared to RNA. In fact, she
has calculated virtually identical predictive values for
both assays in terns of predicting response to therapy.

[Slide.]

This slide just addresses specificity in lowrisk
donors that the second generation assay is also very
specific. There are actually no fal se positives as judged
by repeat-reactivity and the specificity, based on initial
reactivity, was 99.8 percent. | amindicating that this
assay can al so be applied for | owrisk screening.

[Slide.]

So, in terns of the application of HCV core
antigen for nonitoring of patients, it does appear that it
can provi de val uable data on clinical and therapeutic

progress. It represents a separate neasure of virem a
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conpared to RNA analysis. | think it can be consi dered
conplementary to NAT in as nuch as, while NAT, with greater
anal ytical sensitivity is obviously a preferable technol ogy
for determ ning endpoint of therapy, the HCV antigen

nmeasur enent may have great value in terns of devel opi ng
algorithnms, particularly in the early stage of therapy.

The quantitative anmount of antigen appears to be
directly related to viral |load as judged by RNA and the
assay is very reproducible. It obviously allows very
frequent and repetitive testing schedul es because of the
conveni ence of the technology and it is conpatible with an
est abl i shed | ab ELI SA environnent.

So it may provide a very conveni ent and
econonical route to individualized patient treatnent.

[ Slide.]

Finally, in summary, just the HCV antigen

t echnol ogy does appear to provide a cost-effective
alternative to NAT for identification of blood donations in
t he seronegative w ndow phase and we expect to continue to
have sone significant global application in that regard.
It is clearly suitable for |arge-scale screening to
identify recent HCV infection which may be of value in
epi dem ol ogi cal studi es.

It provides an alternative marker for diagnosis

of virem a and appears to provide an effective nethodol ogy
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for patient nonitoring in as nmuch as it is quantitative,
reproduci ble, provides a fast tinme for the result, is cost-
ef fective and conveni ent and, obviously, allows nore
frequent patient nonitoring which could be a significant
advant age.

Thanks.

DR. MED:. Thank you, Dr. Lee, for that excellent
summary of what is going on at HCV antigen testing.

| think we need to nove right to our |ast speaker
which is Mke Busch from Bl ood Centers of the Pacific.
Mke is going to talk to us about how we can integrate NAT
wi th suppl enental serol ogy testing.

I ntegration of NAT Results into Suppl enenta

Testing Algorithnms for Serol ogi c Assays

DR. BUSCH. Thank you, Paul. This has been an
exhausting norning, tons of really great data.

[ Slide.]

This is relatively painless, |I hope. O course,
we have inplenented NAT for its benefit in detecting
w ndow period infections. But, along, if you will, for the
ride, we have gotten an enornous anount of NAT data on
seroreactive donors.

| think many of us, for several years, have been
trying to figure out how best to integrate these NAT data

on seroreactive donors both in the context of resolving the
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true infectious status of our donors for counseling

pur poses, particularly in the setting of HCV RI BA where we
can define our seroconfirnmed Rl BA-positive donors into

t hose who seemto have persistent or cleared infections and
al so reassuring the donors who have indeterm nate negative
results.

I n addition, a nunber of us have | ooked at the
potential that the NAT results, routine NAT results, that
we obtained could obviate the need to do particularly RI BA
testing when the NAT result is positive. | wll present
data to, | think, support that recommendati on

Then | think we heard yesterday that the NAT data
actually may be useful to facilitate reentry either to give
us nore confidence in reentering donors, for exanple, with
indeterm nate results on serol ogi c suppl enental findings
but also in the context of the actual reinstatenent,
itself, either on a separate bleed or, obviously, on the
repeat donati on.

The fact that NAT can or will be done, again, |
think has given FDA a little bit nore confidence in noving
forward with reinstatenent of donors.

[ Slide.]

| thinking about this, there are kind of three
| evel s at which the NAT results can be used in the various

donor counseling and reinstatenent activities. One is
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sinply to incorporate the NAT results into the donor
notification nmessage. | think nost of the prograns have
actual ly already done this.

This is easily done for the cases where the NAT
results really corroborate our serol ogi c suppl enental
findings. This is broken into sort of two categories here.
In the setting where you have a positive RIBA and a
positive HCV NAT or a positive blot and a prospective NAT
for HV or a positive p24 antigen neutralization in a
prospective NAT, the NAT results give us greater confidence
in notifying these donors that they are infected.

| think, again, nost of the notification
materials that are going out now to donors do bring the NAT
results into that counseling nmessage in the setting where
we have really concordant positive results.

On the other side of coin, if the supplenental
data is negative and the NAT results are negative, those
findi ngs can, again, be incorporated into the donor
counsel i ng nmessage further reassuring the donor that they
are not infected. So that is the first order of
appl i cation.

[ Slide.]

The next is if the NAT results are discrepant
fromthe suppl enental serology, that can help us flag cases

that we think may be erroneous or where the serologic
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interpretations may be inaccurate or help us to identify
possi bl e problematic or interesting cases. Exanples here;
if we have RIBA-positive donors who are m ni pool NAT-
negative, those donors can be kind of counseled or we can
flag those as presunptive resolved infections.

Sonme data I will show you, we have | ooked at the
val ue of doing individual donation NAT or followup testing
of donors who have this presunptive resolved infection to
identify whether sonme of these may be | owlevel carriers
potentially and we found occasi onal cases where there RIBA,
in fact, was a false positive so the twd-band concor dant
nonspecifics, so flagging those kinds.

This has been inportant where we have technically
a block that nmeets the current positive criteria but the
m ni pool NAT results are negative. As | will show you on
the next slide, what we have identified and reported over
the | ast several years is the observation of false-positive
Western Blot patterns as the criteria for a positive bl ot
have been rel axed to detect early infection.

We know that that has resulted in
m scl assification of a small rate of donors as false
positive. The negative NAT results really is extrenely
useful to help identify these sources of the discrepant

results. Those are nmuch nore frequent than donors with
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| ow |l evel virem a who m ght have been m ssed by m ni poo
but be detected by individual.

Then we have al so, over the |ast few years, seen
exanpl es of autol ogous donors on HAART therapy who have had
negative m ni pool NAT due to the effectiveness of the
antiviral therapy but a positive blot and al so sone
exanpl es of vaccine recipients, healthy | owrisk bl ood
donors who have participated in vaccine trials, who have
presented with positive blot patterns due to the vaccine
response but were flagged as probable fal se positives due
to the negative results com ng out of routine NAT

Anot her exanple that Sue alluded to is with
antigen we do have a serious problemw th fal se
neutralization results. These flag out as m ni pool NAT-
negati ve which can, then, allow further investigation of
t hose donors.

We al so had, and I wi Il show you exanpl es, where
the RIBA or Western Blot results nmay be negative or
indeterm nate but the NAT result is positive. Mst of
these do, in fact, represent two infections where the
suppl enental serol ogy--again, all of these are El A-reactive
donati ons- -suppl enental serology wasn't able to confirm
infection due to either a wi ndow period or a inconplete
serol ogi ¢ response.

[Slide.]
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Just one exanple aside from Sue of her follow-up
wor k on cases of Western-Blot-positive donors that were TMVA
negative through the routine screening, so these were
identified either through pooled or neat screening early
on. But what you really want to focus on is the bl ot
pattern.

These ones in white, here, are all false-positive
Western Blots | acking the p31 band which is the main way
that we serologically flag potential fal se-positive
sanples. Al of these cases had inconplete blot patterns
and were negative by individual donation PCR

But, as we heard, they have identified, in
further studies, two or three additional cases |ike these
that had high OD on the EIA had full-band Wstern- Bl ot
patterns and were detected by individual donation testing.
So these are the | ow-1evel carriers.

[ Slide.]

A third level of integration of NAT into
serol ogi cal algorithnms would be the consideration of
actual |y di scontinuing doing sone supplenental serology in
this cases. The best exanple, and I will show a | ot of
data on this, is EIA repeat-reactive donors who have
positive HCV NAT. There is a lot of data that really
supports that those donors w thout doing a RIBA can

confortably, | think, be notified that they are infected.
M LLER REPORTI NG COVPANY, | NC
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



at

This is actually consistent with the CDC
guidelines in terns of general practice where a person who
you can either use RIBA or a nucleic-acid test to
corroborate infection status in the setting of a diagnostic
HCV scr eeni ng.

In general practice, | think, there are a | ot of
bot h public-health and diagnostic settings where either you
go straight to RNA or, even, just based on the S-to-CO
results on the EIA may notify a donor as infected w thout
incurring the cost of doing RIBA

In contrast, if the EIAis repeat-reactive and
the HCV NAT is negative, there is a general consensus,
based on data that | will share, that one should probably
perform RIBA in those settings, certainly in the donor-
screening context, in order to better counsel and determ ne
| ook- back poli cy.

| f the donor is found to be RIBA-positive, they
shoul d be notified as a presunptive resolved infection
although I will show you that one can identify sonme of
t hese people as |l owlevel carriers if you do individua
donati on NAT.

In contrast, if the RIBA is negative or
i ndeterm nate, you now have negative or indeterm nate RIBA
plus a negative RNA so these donors can be very confidently

notified that they are not infected.
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[Slide.]

Finally, just a fourth kind of |evel which
requires full FDA guidance is the integration of the NAT
into reinstatenent algorithms. | think, in general, the
feeling is that we should only attenpt to reinstate donors
who have a negative index donor NAT as well as serologic
data that woul d support reinstatenent.

In other words, if you are ElA repeat-reactive
al nost irrespective of the supplenental data, if you are
al so NAT fal se-positive or NAT-reactive at index there is a
general consensus that--they are very rare, and given the
rarity and the conplexity and concern that probably
reinstating concordant false-positive donors doesn't nake a
| ot of sense.

We heard yesterday about FDA proposals to have
sort of relatively nore standardi zed reinstatenent
algorithns to reinstate either HV or HCV fal se-positive
donors at two or six nonths. These false-positive
classifications really, for the first time, are including
i ndeterm nate donors. So this is really excellent that now
a lot of these donors with indetermnate results, which
anount to a high proportion of fal se positives, are going
to be reinstatable because we have NAT in place.

FDA is asking for NAT on a foll owup separate

sanpl e which seens reasonabl e but, of course, these donors
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will be repeatedly screened by NAT. Finally, in ny

opi nion, there should be consideration of trying to
reinstate these donors who historically have been

m scl assified fal se positives by serol ogy, so not only the
i ndeterm nates but these fal se-positive blots, false-
positive neutralization cases, given that we can perform
NAT both on a foll ow-up reinstatenent bleed and routinely.

[Slide.]

So the data that sort of supports these
conclusions cone fromthe |arge correl ati on anal yses where
we have taken the donations that have been screened in
paral | el by m ni pool NAT and serology and really have
teased away the relationships.

The first slide here is based on 5,400 HCV EI A
repeat-reactive donations to Blood Systens Lab. You can
see that around 3,000 of these 5400, so the mmjority, about
60 percent or so, are actually RIBA-confirmed. O those
RI BA-confirmed, by the m nipool NAT, 80 percent of these
are found to be viremc.

So we do have, though, about 20 percent that, by
m ni pool NAT, are virus negative. W wll cone back to
that group. Anong the indeterm nates by RI BA we found 27,
or about 3 percent, to be positive. This is a m stake.
This should be 776, so 3 percent of the total, 803

i ndeterm nates. \When you | ook at the band pattern on these
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i ndeterm nates, about a third of them nine of them
actually had nmultiple HCV anti gens, typically four reactive
HCV antigens, but were called indeterm nates due to the SOD
band al so being reactive.

Actually, Leslie Tobler has a letter in
Transfusion in press that will really focus on the rate of
t hese fal se indeterm nates due to SOD override of a
positive. The majority of the rest were either C22 or C33
only.

In our study, we didn't find any RIBA-negative
donors to be viremic. So the major nessage here is the
ability to reassure a |large proportion of these
i ndeterm nate negative donors with the negative NAT and the
ability to take the mnipool NAT results and notify these
donors as infected or not and a consideration of actually
not even requiring RIBA if you have a positive NAT.

[ Slide.]

This is parallel data fromthe Red Cross, even a
| arger nunber, over 20,000 donations over about a two-year
period, virtually identical results. 80 percent of their
Rl BA- positives were found to be viremc. A simlar
proportion, about 3 percent, of the indeterm nates were
found viremc with simlar band-pattern distributions.

They did identify, in this |arger denom nator,

ni ne cases of RIBA-negatives that were found to be viremc.
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| don't know whether there is any follow up on these cases
but we have seen, and | think Steve just showed, exanples
where, in a seroconversion, the EIA can conme up positive
shortly before the RIBA.

So one woul d not be surprised to find a lowrate
of people who are evol ving El A-reactive but RIBA-negative
and, as we al so saw, a nodest proportion who are still in
the i ndeterm nate phase while being viremc. So, very
consistent with our sort of understanding of natura
hi story.

[Slide.]

We asked the question of what would happen if we
t ook these sanples of the RI BA positives that were negative
by m ni pool NAT as well as a representative nunber of the
i ndet erm nates and negatives. W did full-input individual
donation RNA testing on these sanples.

At Bl ood Systenms, we did this in both the period
when we were screening in pools of 24 as well|l as pools of
16. \Wien we were screening with pools of 24, we found
23 percent of the m nipool-negative R BA-positives to be
viremc. But, as we have noved to smaller pool sizes, that
rate has dropped. So, in a recent study, we found only
6 percent to be viremc, which is quite conparable to what
Sue found in a study with the Red Cross where they ran NG

UtraQual PCR on 356 RIBA-confirnmed positives m nipool
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negatives. Seven, or 2 percent, of these were found
virem c.

So there is a small percentage of donors who are
Rl BA- confirmed, m nipool-negative, who woul d be detected as
viremic with individual testing. In one of these studies,
actually Leslie Tobler with Chiron ran replicates. Sonme of
these are only detected as virem c on one of two reps. So
these are really very low-level viremcs only detected with
t hese high sensitivity qualitative assays.

We al so ran a batch of indeterm nates and
negatives and we found one of the sanmples of 136 that was,
again, an El A reactive RI BA-indeterm nate m ni pool -
negative. Wen tested individually, we found a |ow viral-
| oad case there and none out of 100 negati ve.

[ Slide.]

Actual ly, Steve presented this but | just--these
low viral -load carriers, one could ask, who cares, what
does it nean. There are people who are virem c who
probably haven't been detected in clinical studies because
the virema is so low |l evel that nost of the commercially
avai |l abl e assays don't detect this lowlevel virema. So
t hey probably haven't been studi ed.

s there any evidence that these kinds of |ow
carriers are worth detecting. Steve showed this. The

i nportant observation here--this was the quantitative Roche
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PCR assay so not anything close to as sensitive as the
Anmpl i Screen. But we did find these lowlevel carriers that
were detected only by high-sensitivity TMA | ess than 100 or
200 copi es.

They do transmit. So the inportant nessage here
is that these low-level carriers that we would only detect
wi th single donation, and they are shown here, actually,
are infectious froma transfusion context. W are
initiating a study now of recall of these donors to better
understand their ALT evol ution and ot her downstream
characteri stics.

[ Slide.]

So, based on the HCV data, the AABB Transfusion

Di sease Commttee has reviewed this and gotten input and

has actually formally submtted to FDA | believe, this
algorithmrevision. The key points here--1 don't want to
go through in detail --is basically if a donor is EIA

reactive and NAT positive for HCV that RI BA becones
opti onal .

The donors are permanently deferred. They are
notified that they are infected based on the EIA reactivity
and the RNA status and referred for nmedical treatnent with
particular interest in recent evidence, especially of they
are NAT only, that early treatnment may be particularly

ef fective.
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On the other side of the algorithm if the donor
is ElIA repeat-reactive but NAT negative, then we believe
that RIBA should be perfornmed. |If RIBAis found positive,
t hose donors should be permanently deferred, | ook-back
triggered if a repeat donor, a consideration for a
qgualitative high-input NAT either by the bl ood center or
certainly referral to determ ne whether this donor may be
virem c even though our m ni pool NAT was negati ve.

Qoviously, if the RRBA is indetermi nate or RIBA
negative, with the negative NAT, now, we can tenporarily
defer and anticipate reentry of these donors.

[ Slide.]

Wth HYV, just a few slides. The correlations
are quite simlar, again 2800 sanples from Bl ood Systens.
113 were found bl ot positive so a much smaller fraction of
all donations that are EIA repeat-reactive are from
i nfected donors than with HCV which is partly why, | think
there would be very little value to recommendi ng not doing
Western Bl ot because the vast mpjority of sanples are RNA
negati ve and, therefore, you would have to do bl ot anyway.

In addition, with H'V, it is such an inportant
infection for these people that getting a blot in addition
to a positive RNA we think is probably indicated. Wat we
found was that, of 113 bl ot-positive donors, 112 were

detected by m ni pool NAT. One was negative. That one
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sanpl e, when retested by single donation, was found to be
virem c.

Anmong our indeterm nates, we found 0.4 percent to
be infected. This may partly relate to the blot that is
used at Blood Systens is relatively |l ess sensitive. You
will see sone Red Cross data that is different. So a
nodest rate of donors are found in the indeterm nate
evol ution stage. These were all p24-reactives.

We found two interesting negatives, blot-
negatives, that were El Areactive that were viremnc.
Again, this blot is not as sensitive as the screening El A
so we have got a period where the blot is negative after
the ElI A has converted.

[Slide.]

Red Cross is using the Canbridge Blot, nore
sensitive. So they didn't have any of that. This is
al nrost 10, 000 repeat -reacti ve donations from Red Cross.
They didn't have any bl ot -negative donations that were
found viremc and a nmuch |l ower rate of indeterm nates that
were found viremc, only five.

They did have a simlar, about 5 percent,
proportion of ElIA reactives that were blot positive. About
95 percent of those were viremc. These 31 negatives, |
showed sonme of the data on those in an earlier slide,

agai n, about two-thirds of these were fal se-positive
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Western Blots. The other third were people who had | ow-
| evel virem a undetected by m ni pool NAT.

[Slide.]

We al so have done sone retesting of the sanples
that were mi ni pool NAT-negative by individual donation NAT.
| showed you the one exanple at Bl ood Systens that was a
| ow | evel infected donor found by individual donation NAT.
In Sue's followup work on the 26 cases of m ni pool -
negative blot-positives at Red Cross, only two of these
were found to be viremc. The majority were these fal se-
positive blots or were not detected as they had such | ow
| evel virema, they were not detected by the NG Ul traQual

We did take on a nodest nunber of bl ot
i ndeterm nates and bl ot negatives that had been negative by
m ni pool to individual and didn't detect any virem cs.

[Slide.]

Just in conclusion, through all this data, we
think that the routine NAT results are really very
i mportant in our counseling of the El A-reactive donors and
that, as | have discussed, they should al ready be being
incorporated in the donor notification and counseling
progranms and we think there is opportunity to integrate
theminto the actual testing algorithns and reinstatenent
progr ans.

Thank you.
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DR. M ED: Thank you very nuch, M ke.

Unl ess there is as burning question for M Kke,
let's take a ten-m nute break and be back at 10: 56 sharp.

[ Br eak. ]

VI 1. Energi ng Pat hogens (Asher/ Nakhasi)

DR ASHER: Let's resunme the remai nder of the
norni ng session. | am David Asher fromthe Ofice of
Blood. Until now, we have been | earning about nucleic-acid
testing for five blood-borne viral infections. But, as
Janes @all arda rem nded us yesterday, the technol ogy of
nucleic-acid testing is useful for inproving the detection
of a variety of other viral agents and for nonviral agents
t hat can be present in blood.

Now we are going to get a review of sone sel ected
pat hogens for which NAT m ght be a useful technology. To
begin the late-norning session, | would like to introduce
my Co-Chairman, Dr. H ra Nakhasi also of the Ofice of
Bl ood.

DR. NAKHASI: Thank you, David. As Dr. Asher
poi nted out, we are shifting gears here. So far, you heard
all the known pat hogens, detection, technol ogi es and al
the data for HV, HCV, HBV. Now we will talk about them
new energi ng pat hogens. As we know, there are a | ot of
them coming up. Also we will talk about the technol ogi es,

t he new technol ogi es and the process of diagnosis.
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They are very fascinating topics, at |least to ne,
because we are trying to | earn about new pat hogens. Based
on our experience in the past, which we have discussed for
a year and a half, we should build on those experiences and
see how we can detect these new pat hogens and use the new
technol ogy in that manner.

[ Slide.]

| would just put a transparency here which is in
the Italian | anguage to enphasi ze the point that the | atest
i ssue of the CDC s Energing Infectious D seases basically
has this malaria poster on the front page which basically
tells you that those pathogens which we thought we had
eradi cated are now com ng back.

Just to give you an exanple here. This used to
be a travelling guide when you went to Italy I think in
1924 or sonme tinme. They would warn the visitors not to go
to those areas, mmlarious areas. Since it was very popul ar
in those days, they have kept it still to sort of enphasize
the point that even though we have eradicated sone of these
t hi ngs, we have to be very, very careful.

| think that will be the theme for the next
session. At this point, | will invite Dr. Tabor who w I |
gi ve us an overview of the energi ng pathogens and then we
will go to individual presentations.

Overvi ew of Energi ng Pat hogens
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DR. TABOR: Thank you very nuch. | amlisted to
speak for forty mnutes. | amnot going to speak for forty
mnutes. | amgoing to retroactively cede sone of ny tine

to one or nore of the speakers in this norning' s session.

In recent years, the world' s supplies of blood
for transfusion and plasma for fractionation have been
beset by the energence of new infectious agents. Twenty-
five years ago, the primary known infectious threats to
bl ood were the hepatitis B virus, the agent of non-A/ non-B
hepatitis now known to have been hepatitis C virus in about
90 percent of cases, and cytonegal o virus.

Today, nore than half of the blood community's
efforts in infectious-di sease prevention are focused on one
virus whose exi stence was not recogni zed twenty-five years
ago, human i mmunodeficiency virus Type 1 and on a prion
whose exi stence was not known twenty-five years ago and
that, even today, has never been docunented to have been
transmtted by transfusion, variant Creutzfeld Jacob
di sease.

Furthernore, twenty-five years ago, we woul d have
been astonished to think that we woul d ever consider the
smal | -pox virus a risk to the blood supply since that virus
had been decl ared eradicated fromthis planet. Today,
smal | pox is a concern for blood safety because

bioterrorismis now a reality and because i ndividuals
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infected wth small-pox virus can have a twel ve-day
asynptomatic virem c period during which they m ght donate
bl ood.

The 1970s seened to us today to have been a tine
of blissful ignorance about infectious disease threats to
come, a kind of never-never land in which we believed that
i nfectious agents in the text books were the ones that we
woul d spend our careers fighting. | don't recall any
di scussi ons about energing infectious diseases at that
tinme.

However, by the 1980s, it was recogni zed that new
agents could enter the blood supply. Although the first of
these to be recogni zed was the human T-cell | ynphotrophic
virus, Type 1. The first to raise intense concern was
human i nmunodefi ci ency virus Type 1.

At first, there was skepticismthat such terrible
new agents could enter the blood supply. Many
i nvestigators believed that acquired i munodefi ci ency
syndronme was not an infectious disease. As the realization
becane undeni abl e that these were truly infectious
di seases, at first it was felt that these viruses nust have
recently entered the human popul ati on and probably had
spread to many continents at the pace of nodern jet travel.

Sonme of the early cases of AIDS certainly arrived

in some countries as a result of nodern travel patterns.
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Later it was recogni zed, however, that H V-1 had probably
been infecting humans in isolated areas for several decades
or, perhaps, even |longer and m ght have entered the human
popul ati on from nonhuman pri nates.

In the case of HILV-1, it is possible that this
virus existed in humans as | ong ago as the Sixteenth
Century based on a conparison of geographic distribution of
hi gh- preval ence countries with a history of travels of
di scovery and trade in past centuries.

In fact, infectious diseases can energe from
various sources. New variants can enmerge from known agents
that acquire increased pathogenicity. Agents whose usual
hosts are nonhuman animals can acquire the ability to
i nfect humans. Previously unrecogni zed infectious agents
can becone recogni zed due to increased virul ence, increased
di sease surveillance or due to anplification resulting from
i ncreased exposure of susceptible popul ations, for
instance, as result of nodern travel patterns.

Wde-ranging travel fromone continent to
another, fromrain forests to industry cities, has nmade the
pl anet a global village in which an energing infectious
di sease anywhere in the world can represent a potentia
threat to the blood supply in the United States.

Finally, the creative evil of which all nmen are

capabl e can enabl e an ot herw se qui escent infectious agent
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to enmerge as a threat to the blood supply. The
transformation of bioterrorismfroma threat to a reality
in our world in 2001 has increased the nunber of agents
that could energe as infectious threats to the bl ood
suppl y.

There are agents of bioterrorismthat could be
transmtted by blood transfusion if infected individuals
donat ed during the asynptomatic periods during which sone
of these agents are already circulating in the blood. 1In
addi ti on, bioengineering could result in nodification of
addi ti onal agents so that they, too, could be transmtted
by bl ood transfusion.

The world | ooks toward the United States for
| eadership in maki ng bl ood safe from energi ng infectious
agents. This is due, in part, to worldw de recognition
that the U.S. Food and Drug Adm nistration is tougher and
nore vigilant than any simlar organization in any country.

This is also due to recognition that advanced
technol ogy and an active and inquisitive core of scientists
are generously supported in the United States through the
coordi nated resources of the U S. Public Health Service
agencies in order to identify and study infectious-di sease
agents.

For the past four-and-a-half years, the U S.

Public Health Service agencies have maintained a conmttee
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on energing infectious diseases. Co-chaired by a
representative of FDA and a representative of CDC with
menbership fromNH this commttee neets regularly to

eval uate new devel opnents in infectious di seases that m ght
signal the energence of a newthreat to the bl ood supply.

The commi ttee mai ntains a database of known
energing infectious agents with the potential to enter the
bl ood supply and it maintains a standard operating
procedure for coordinating Public Health Service response
to such agents.

When considering what infectious agents to pay
attention to in order to protect the blood supply, it is
inportant to renmenber that we nust always be alert, we nust
al ways be flexible and we nust always be willing to
consider a newy recogni zed agent or even previously
unt hreatening i nfectious agent as a potential threat to the
bl ood supply. The infectious diseases that have energed in
the past twenty-five years attest to this.

Thank you.

DR. ASHER: Questions for Dr. Tabor?

Thank you, Ed, for trying to get us back on
schedul e. The next speaker will be M chael Cannon of the
CDC who wi Il review for us human herpesvirus 8 and its
rel evance to bl ood safety.

Human Her pesvirus 8. Rel evance to Bl ood Safety
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DR. CANNON:  Thank you.

[Slide.]

First some background. Herpesvirus 8 was
di scovered in 1994. It is an envel oped DNA virus and,
because it has been shown to have a causal role in Kaposi's
sarcoma, it is also known as Kaposi's-sarconma-associ ated
herpesvirus. |Its closest human herpesvirus relative is
Epstein-Barr virus.

[Slide.]

A nunber of serologic assays are used to detect
anti body to HHV-8. They detect antibody to |l atent antigens
or lytic antigens. A nunber of assay formats are used but
currently there are no FDA-approved assays.

[Slide.]

Here you can see the worl dw de seropreval ence of
HHV-8 in healthy individuals. First of all, you can see
that, in SubSaharan Africa, the seropreval ence is highest.
It is internmediate in countries bordering the Mediterranean
such as Italy and Greece and | ower seropreval ence in
countries such as the U S. This correlates with the
i nci dence of Kaposi's sarcoma in different countries.

[ Slide.]

Here you can see in the United States, if you
| ook at different groups having varying degrees of risk of

Kaposi's sarcoma ranging fromthose with KS, H V-positive
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and negative nmen who have sex with nen and then injection-
drug users or STD-clinic attendees, what you see with the
seroprevalence is there is a good correlation with risk of
devel opi ng KS.

Here, if you | ook at the preval ence of HHV-8 DNA
i n peripheral-bl ood nononucl ear cells, you see that you can
detect HHV-8 DNA in blood but it is |ess frequent than
anti body. Here, about half of the individuals with KS are
PCR- positive in bl ood.

[ Slide.]

In the United States, the primary node of
transm ssion or the primary risk factor is nultiple nale
honosexual partners. However, in Africa, it has been shown
that HHV-8 is transmtted primarily through cl ose nonsexual
contact, a node of transm ssion that is probably rare in
the United States.

[ Slide.]

The possibility of HHV-8 transm ssion through
bl ood transfusion was really first brought up in this paper
by Bl ackbourne and col | eagues where they found that one
donor was repeatedly PCR positive for HHV-8. The virus was
shown to be infectious and brought up the question of is
this an issue. Do we need to worry about this?

The basi c questions we want to know are are bl ood

donors infected with HH/-8? |Is there transfusi on
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transm ssion occurring and if it does, in fact, occur, are
people getting ill because of it?

Addressing this first issue, a nunber of studies
| ooked at seropreval ence of HHV-8 in bl ood donors. The
first thing to notice is there is quite a wi de range of
seropreval ence values. Al so, you can notice fromthese PCR
studies that there are relatively few studies that have
been done | ooking at PCR positivity in bl ood.

[Slide.]

To sort of remedy these two issues, the CDC is
involved in the coll aborative study with a nunber of other
i nvestigators | ooking at bl ood-donor specinmens fromthe
REDS repository. Six different |aboratories tested these
speci nens along with 40 positive controls, specinens that
cane from patients with KS.

[Slide.]

Here are the unpublished results. The first
thing to notice is that, in all six of the | aboratories,
everyone identified the positive controls. This
denonstrates that, collectively, the sensitivity of
seroassays is getting quite good. The next thing to notice
is, although there is a range of seropreval ence, there is
some variation in blood donors as far as this range that

was found by each | aboratory.
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We do see that each l|laboratory found a non-zero
seropreval ence of HHV-8. Sonmewhat reassuringly, |ooking at
243 of these bl ood donors, 55 of whom were seropositive in
at | east one of the |aboratory, none of them were PCR-
positive.

[Slide.]

Moving on to the issue of whether transfusion
transm ssion occurs, there have basically been two studies
whi ch addressed this. The way they have done this is | ook
at |inked donor-recipient pairs where the donor was
seropositive and the recipient was seronegative. In both
of these studies, they found no evi dence of seroconversion
anong the reci pients even though, in one of the studies,
they did find that HV was transmtted in these sane pairs.

Is this proof that transfusion transm ssion
doesn't occur or is it sufficient proof? The nunber of
I i nked donor pairs were relatively small. Sonme of the
transfused units were in a formthat you wouldn't expect
HHV-8 to survive. It may be possible that, at the tine
t hese studies were done, the sensitivity of the assays
wasn't i deal

[ Slide.]

Moving on to the third question, is there disease
caused by HHV-8. If you are healthy, you have a 1 in a

mllion chance of getting KS on an annual basis. However,
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if you receive an organ transplant, your risk becones,
actually, quite high, 1 in 80. |If you have H'V, it junps
to1lin50. |If you actually neasure H'V seropositivity and
HHV- 8 seropositivity, if you are positive in both, you have
a 1-in-20 chance, 5 percent chance, yearly of getting KS.

[Slide.]

In summary, the disease risk due to transfusion
transm ssion of HHV-8 if it occurs is probably very | ow
The percentage of infected donors appears to be low. HHV-8
is highly cell -associated and is likely to be susceptible
to | ynphocyte depletion and so m ght not survive storage
very well. Again, there is no evidence of transfusion
transm ssion and you really need sonething else, in
addition to HHV-8, to get disease.

[Slide.]

But that is not quite the end of the story. This
is sone evidence that this could be an issue. First of
all, you can find HHV-8 in blood. Again, if you are
i mmunosuppressed, you actually have quite a high risk of
getting KS. Additionally, there is sone evidence that HHV-
8 may be transmitted through exposure to blood. So I am
going to sumrari ze a couple of studies that | ooked at this
third point.

[Slide.]

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



at

Studi es have found a |link, for instance, in this
case, a nonsignificant |ink, between needle sharing and
HHV- 8 seropositivity. 1In addition, a nunber of studies
have found a |ink between injection-drug use and HHV- 8.

Sone of the limtations of these studies are an
i ssue of power, having enough individuals to really address
this hypothesis, and, in these studies, the issue of
confounding, is it possible that sexual behavior is what is
really driving transm ssion and injection-drug use is
sinply a marker for that sexual behavior.

[Slide.]

To address these two i ssues of power and
confounding, at the CDC, we did a study |ooking at 1300
wonen who were followed up at six-nonth intervals for up to
six years. They provided self-reported data on injection-
drug use and sexual behavior. Then we | ooked at what are
the risk factors for being seropositive.

[Slide.]

What you can see here is, in this colum, we have
i njection-drug use going fromthe wonen who never injected
to those who injected every single day of every single
visit which could add up to six years. You can see that
the HHV-8 seropositivity increases fromjust over 12

percent to over 35 percent, a significant trend.
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It appeared to be specific to injection-drug use
because if you | ook at snoking crack, there was no sinilar
trend. In addition, when you | ook at HCV seropositivity,
whi ch can be used as a | aboratory marker for injection-drug
use, we also found a significant association with HHV-8
seropositivity.

[ Slide.]

Regardi ng the issue of confounding by sexua
behavi or, one way we addressed this is we |limted the
anal yses to wonen who had a relatively | ow sexual risk
What you can see here is as injection-drug use increased,
you still see an increase of HHV-8 at seropositivity and a
very strong association with hepatitis C seropositivity
suggesting that sexual behavior can't explain the
associ ati on you are seeing.

[Slide.]

Simlarly, if you do multivariate nodel s where
you control for variables such as HV and syphilis, markers
of sexual behavior, you still see this increasing odds
ratio, this significant association between HHV-8 and
i njection-drug use.

[ Slide.]

There appeared to be a link. How strong was this
l[ink? |If you |look at how it conpares to hepatitis C virus,

here you have injection-drug use again. You see a noderate
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increase in HHV-8 seropositivity whereas, for hepatitis C
a very strong association with any injection-drug use
suggesting that transm ssion of HHV-8 through shared
needles is likely to be quite nore infrequent and |ess
efficient than hepatitis C transm ssion.

[Slide.]

In summary, the evidence for this type of
transm ssion is association with self-reported and
| aboratory variables. Specific to injection-drug use,
there was a dose-response rel ati onship where the nore you
inject, the nore likely you are to be infected. This
didn't appear to be caused by confoundi ng due to sexual
behavior. Finally, the Iink was weaker for HHV-8 than for
hepatitis C

[ Slide.]

In conclusion, it is probably safe to concl ude
t hat the anobunt of disease due to transfusion transm ssion
of HHV-8, if it, in fact, occurs, is likely to be really
| ow. However, there isn't enough evidence to say that
there is no risk. For exanple, we probably can't say,
based on the current evidence, that then cases of KS or
maybe 50 cases of KS a year aren't caused by HHV-8
transfusi on transm ssion.

So we really need to do sone further studies to

definitively say whether this is an issue. So sone of the
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things we are doing, for instance, at CDC is |ooking at
bi gger studies of |inked donor-recipient pairs, especially
i n Uganda where seropositivity is much higher in donors.

I n addi tion, studies need to be done that
guantify better how much KS is possibly occurring due to
transfusion transm ssion. Finally, assays need to be
devel oped and licensed if, in fact, it turns out that donor
screening i s indicated.

Thank you.

DR. ASHER: Thank you, Dr. Cannon.

Questions for Dr. Cannon?

DR. BIANCO There are several assays. Do you

want to talk a little bit about the specificity of those

assays?

DR. CANNON: The specificity of the assays?
Well, wth regards to blood donors, it is areally
difficult question. The reason is, first of all, if you

have any popul ation that the true seropreval ence is very
| ow, you have to have very specific assays to deal with
that. In addition, it turns out that antibody titers to
HHV- 8 are nmuch higher in people with KS than they are in
bl ood donors or people at | ower risk.

So the big problemis determning who is really
no infected. People have tried to get at that. Oten

bl ood donors are used at the uninfected group, sonetines
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children, in the U'S. or virginal wonen. Sonme suggestions,
as far as how to deal with that, have been | ooking at
confirmatory assays and that sort of thing.

So it is not quite clear how good the specificity
is. It is probably really good but the difference between
97 percent specificity and 99.9 percent specificity could
tell the whole story. 1[It is not clear where things |ike
ri ght now.

DR. BUSCH A couple questions. |Is there an
ani ml nodel that one could do transfusion experinents in?

DR CANNON: As far as | amaware, not yet. |
think there have been sone recent proposed ani mal nodel s
but, for a while, there was nothing that seened to be a
good nodel

DR. BUSCH:. Probably this would have to be
specul ative, but the relative potential role of serologic
screeni ng versus nucleic-acid and, if one did nucleic-acid,
woul d one have to target the | eukocytes or is the a plasm
virem a?

DR. CANNON: It seens that the virema is nore
| eukocyt e- associ ated. So, as far as whether serologic
testing woul d be the best solution, it is not clear. It
seens that the people really at risk are the people who are
i mmunosuppressed. So it seens nore of an issue of what you

do for people with H'V who get transfusions or organ-
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transpl ant recipients. Because the seropreval ence appears
to be much higher than the DNA preval ence, then naybe NAT
testing woul d be nore appropri ate.

DR. HARRISON: M concern with HHV-8 is not
Kaposi's sarconma. This is Chantal Harrison, San Antoni o,
Texas. |Its association with body-cavity-based | ynphoma and
mul ti pl e nyel oma where even there are small studies or case
reports, it is alnost 100 percent of patients with nultiple
nyel oma are infected with HHV-8. The sane with the body-
cavi ty- based | ynphona.

As a physician that renenbers, when | was in
nmedi cal school a long tinme ago, nmultiple nyel oma has
changed conpletely on the severity and age of onset. \Wen
| was a nedical student, nultiple nyel oma--nost patients
were after 70, 80--you know, died of sonething else but
mul ti ple myelonma. That is what we | earned.

Currently, multiple nyeloma affects peopl e that
are like 40 to 50. It is a very aggressive disease, very
often, and they die fromit pretty quickly. So | am
concerned about whether that is related with HHV-8, the
change in epidem ol ogy.

DR. CANNON: Yes; that is a controversial issue
as far as HHV-8 and multiple nyeloma. Currently, the
evi dence seens, as far as the nunber of studies and things

t hat have been | ooked at, that it appears unlikely that
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HHV-8 is responsi ble for any significant proportion of
mul ti pl e nyel oma.

Again, it is still controversial and it hasn't
been conpletely resolved. That is part of the reason why I
didn't discuss it in the talk. GCenerally, it is believed
inthe field that it is not a cause of nmultiple myel ona.

As far as body-cavity-based | ynphomas, that is also a
concern. Just because they are nore rare than KS, | didn't
mention it here.

DR LlI: Is there any data on organ-
transplantation-transmtted HHV-8 i nfection?

DR. CANNON: Yes; there have been a few studies
in Europe, Italy, that have shown that an organ-transpl ant -
reci pi ent became infected with HHV-8 through the
transpl anted organ. | amnot aware of any studies in the
U S and that is certainly an issue of concern.

DR. RIOCS: Maria Rios. As you mentioned the HHV-
8, it is totally associated with | eukocytes as far as we
know in all the organ transplant, it would be associ at ed
W th transfusion transm ssion otherwi se. So, probably, the
| eukocyte production situation that we are going into nmakes
sonewhat | ess relevant for blood transfusion. Is that
correct?

DR. CANNON: That is what we think. That is why

we are doi ng sone ot her studies |ooking in Uganda where,
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basically, the blood fromthe donor goes right into the
recipient to looking at the TTVS study in the '70"s where
screeni ng procedures were different, and then | ooki ng at
current studies. But yes; that is what we expect.

DR. ASHER: The next speaker, also fromthe CDC
Dr. Gegory Dasch will review nucleic-acid testing for
detecting bl ood-borne rickettsial pathogens.

Present and Future Nucleic Acid Based Met hods for
t he Detection of Blood-Borne Rickettsial Pathogens

DR. DASCHE: First of all, I would |ike to thank
t he speakers for inviting ne to talk.

[ Slide.]

| amremnded a little of the last tine |I had a
chance to talk to an audience. It is unusual for ne. It
was an avi an producers organi zati on and they gave ne a | ot
of qui zzical |ooks about why | was tal king about
Ri ckettsiae. It was the same background in ternms of the
energence of these agents.

[Slide.]

At the risk of offending sone of the people in
t he audi ence who are nedical, | amgoing to review the
energence of new rickettsi oses. Because we have a | arge
nunber of them this is going to represent a significant

anount of the talk. | wll briefly present sonme of the
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present nucleic aid diagnostic tests in use, particularly
Wi thin our branch in ternms of clinical diagnosis.

| would Iike to review sone of the recent
literature that has conme out in terns of the future of
di agnostic testing with nucleic acid tests. Many of these
procedures are being actually inplenented in diagnostic
procedures today. Then, finally, | would Iike to talk to
you a little bit about blood-supply issues versus
di aghosi s.

[ Slide.]

The general principles about the pathogenic
Ri ckettsiae--1 amgoing to talk about both R ckettsiae and
Bartonella. Bartonella, historically, were associated with
Ri ckettsi ae because they are al so Gramnegative associ at ed
with arthropod vectors, cause febrile illness and are
susceptible to tetracycline. Wth the advent of 16S
ri bosomal sequencing, it became very clear that the
Bartonellas reside in a different group of organisns and
they also have the feature that, unlike the Rickettsi ae,
they can be grown on bacteriol ogical nedia.

However, they are rather fastidious organisns and
the cultivation time and conditions required, nost of the
standard | aboratories for blood cultures do not do these.

[Slide.]

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



at

This is a 16S tree which gives you a summary of
the association of the different rickettsial agents.
woul d just like to point out, as |I just said, that the
Bartonellas are found in a group which other nenbers of
this group are largely plant bacteria, Agrobacterium
Rhi zobium  These are organisns that form synbiotic
associations in | egunmes for nitrogen fixation and are,
consequently, very inportant.

The Rickettsial agents is another group of the
al phapr ot eobacterial organisns. Down here, we have two
menbers that, by 16S sequencing, have been allied with
Ri ckettsial agents, the Asian acute fever and a fish
pat hogen down here are gamma-group organi snms nore closely
related to E. coli

As you can see fromthe | arge nunber of organi sns
listed in this phylogram we have a | arge nunber of
rickettsial agents. |In fact, the usual problemin our
branch is that we have nore di seases to study than we have
peopl e.

[ Slide.]

This is a panel. Not all those organisns |
showed in the previous one were pathogens of people. These
are. | have excluded, for |lack of space, the Bartonella

agents on here. These are only the rickettsial pathogens.
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To make this a little nore clear to you, our
concern about these rickettsial organisns, as a general
class, are highly infectious by parenteral route. It only
takes one organismto cause di sease. These are arthropod
transmtted. W have different vectors that are involved.

The human body allows for epidem c typhus.

Al though that is a scourge of the past in this country, as
recently as 1997, there was an outbreak in Burundi of
50,000 individuals. In Wrld Var I, 3 million fatalities
in Eastern Europe due to epidemc typhus and it was quite
wi despread in Eastern Europe in Wrld War I1. It is not
gone fromthe world at all.

Muri ne typhus is worldwide in distribution. It
is aflea-transmtted di sease. Mst of the spotted-fever
group Rickettsia are tick-transmtted but, recently, there
has been one addition which is flea transmtted and there
i s another one, rickettsial pox, which we have had sone
concern about at CDC in ternms of diagnosis of small pox,
and rule outs for rickettsial pox have been the order of
the day. That is a mte-transmtted disease.

There is another one, Oientia tsutsuganushi,
which is a mte-transmtted di sease. The popul ation at
risk for that--it is endemc in the Asia-Pacific region
where there are approximately a billion people, and, to put

it in some perspective, seropreval ence rates of this
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di sease in many areas, or 70 percent of the population have
anti bodies to these organi sns.

[Slide.]

O course, Rocky Mountain spotted fever is the
nost famliar one to us in this country. Just to rem nd
you that we still, despite having a great deal of
advancenents in diagnosis, have fatalities every year for
this disease. It is treatable with tetracycline with
proper diagnosis. This usually requires sone feeling about
the history of the patient in terns of exposure to ticks,
recognition of seasonality factors.

Sonme of these things may not cone into play in
terns of a blood-transmtted case. You may have | ost the
linker to exposure and, therefore, you have no clue. This
| eaves the physician at a | oss because of his confusion
with a lot of other diseases which present with the general
synptons of rash, fever and various, headache and the |ike,
rat her nonspecific synptons until later in the disease.

[Slide.]

This is just to show you these are obligate
intracel lul ar pathogens in Rickettsia coxiella.

[ Slide.]

One of the interesting facets of this disease is
t hat they have an actin polynerization-nmediated notility.

[Slide.]
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That is perhaps seen a little nore closely in
this slide where you can see they actually swimand this is
a part of their process of dissem nation and spread from
their primary site of infection. This is true of
pat hogeni ¢ and nonpat hogeni ¢ ones.

[Slide.]

This is a distribution map generated--it is on
our CDC website--for rickettsial diseases, the distribution
of cases across the country. Rocky Mountain spotted fever
is not just a U S. disease. It is found in Central Anerica
and South Aneri ca.

It has three different vectors that are invol ved
inits dissemnation. |In the Eastern United States, it is
| argely dermacentor ticks, the wood tick. W have the dog
tick, Dermacentor andersonii in the West and, in Central
and South Anerica extending up through Texas, we have
Ambl yomma species of ticks that can transmt it.

[Slide.]

This is just to give you an idea of the
distribution of ticks that are in the West. The green is
andersonii, variabilis on the right. Then, in California,
there is another tick, occidentalis, which hasn't been
inplicated as a vector of this but there are certainly
Ri ckettsia-l1i ke agents whose propensity for causing of

human di sease has really not been eval uated yet.
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[Slide.]

There are three ways in which we have
information. This is a nationally electronic system of
surveillance of reports fromstate | aboratories. Rocky
Mount ai n spotted fever is a reportable disease. There is a
case-report formwhich is given directly to the CDC
Unfortunately, a | ot of these cases are not adequately
confirmed with serol ogical tests so, down here, we have
anot her bracket which gives the confirmed case. That nakes
it look like it is nore of a stable disease.

So you say, why am| tal king about this in terns
of emergency of disease? W feel that there are other
rickettsial agents in the United States beside Rocky
Mount ai n spotted fever that are greatly underdi agnosed. W
don't really know, despite the fact that this has been a
| ong-tinme reportabl e disease, how accurate our information
is on the distribution and the occurrence of Rocky Mountain
spotted fever to the present tine.

[Slide.]

In the United States, we have, classically, four
different Rickettsial agents that are well known and
characteri zed as cause of disease. | nentioned epidemnc
typhus. This is normally a human-body-| ouse-transmtted
di sease but, in the United States, we have a vector

reservoir which is flying squirrels in the Eastern United
M LLER REPORTI NG COVPANY, | NC
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



at

States and the Appal achian region. Both the ectoparasites
lice and fleas there can transmt the disease. So people
who keep them as pets are at sone risk and hunters who
shoot squirrels may cone in contact with this.

Ri ckettsia akari is mte-transmtted. It is an
ur ban di sease associated with house mce. | have already
t al ked about Rocky Mountain spotted fever. The other agent
that we have at the top is nurine typhus which is
associated with rat fleas. This is an organismthat is
wor|l dwi de in distribution and very preval ent.

The new rickettsial agents in the United States
to mention are one that is associated with Anmbl yorma
aneri canumin the Southeastern United States. W have very
hi gh preval ence rates and bl ood- donor popul ations to
spotted-fever group Rickettsiae. This is an agent that,
probably like Rickettsia africae, is a relatively new agent
and found in Anblyomra ticks in Africa, causes a relatively
mld, self-limting infection.

But, of course, the population that is at
greatest risk to infection with these agents are exactly
t hose who woul d be receiving blood units quite often in
ternms of organ transplantations, ol der individuals who have
surgery and the like. These are the people that, nore
often, suffer fatal infections even with the availability

of supportive therapy and anti biotics.
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We are evaluating the risk of Rickettsia

anblyommi. | will conme back to this point inalittle
bit. R ckettsia felis is flea transmtted. It is involved
in a possumreservoir. It presents a lot Iike a nmurine-

typhus illness, but, phylogenetically, it is related to the
spotted-fever Rickettsia. Finally, the Gulf Coast

Ambl yomma macul at um we have evi dence from case reports

t hat haven't been published yet the R ckettsia parkeri may
al so be able to cause pathogenic ill ness.

[ Slide.]

O course, our group serves as the WHO reference
center for rickettsial diseases and we have to deal with a
| arge nunber of other agents that are found throughout the
worl d. The association of different spotted-fever-group
Ri ckettsia is very tightly associated with specific vectors
that are found only in certain regions.

The cl assi cal diseases that we knew, and when |
tal k about new rickettsial agents, | amlargely tal king
about ones that we have an understanding of in the last ten
years. The Ri ckettsia conorii, the agent of Mediterranean
spotted fever, is an urban di sease associated with dog
ticks. People in France who have a little garden with
their dog, and the ticks will drop off the dog and if

peopl e are nore accessible, they will transmt the disease
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to the owners. It is also a great disease of Cernman
tourists going to Southern France.

Ri ckettsia sibirica has a very vast range across
Siberia down into Asia and to China. It is transmtted by
dernmacentor ticks. Rickettsia australis is largely only
found in the continent of Australia transmtted by ot her
ticks including Ixodes ticks.

New rickettsial agents; Rickettsia africae. This
is distributed by anbl yomra ticks throughout SubSaharan
Africa. Rickettsia japonica appears to be found in other
areas of Asia outside of Japan. Rickettsia honei of
Flinders Island is a small island off of Australia, but it
| ooks like this is, perhaps, an agent w dely di ssem nated
i n Sout heast Asia because there have been recent reports
out of Thailand and Ml aysi a of di sease caused by this
agent .

There is a fairly high seroprevel ance in the
spotted-fever group and we know that disease occurs, but it
had not been inplicated what agent was involved. But it
| ooks Iike, right now, Rickettsia honei

If would finally like to nention a cluster of
ot her agents who are not--their disease potential is really
just beginning to be appreciated. The Astrakhan agent and
| sraeli tick typhus have been sonetines |unped with

Ri ckettsia conorii, but they are, indeed, different agents.
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They have different vectors. They do present different
clinical presentations.

There are three other agents which are not
presenting with the standard spotted-fever-group synptons
which are, as | say, rash and high fever. One case,
hel veti ca, has been associated with nyocarditis and two of
the other rickettsial agents with cerebral vasculitis and
presentations of that type.

[Slide.]

Many of you are probably famliar wth, when we
tal k about energing di seases, the Ehrlichial agents are
probabl y the dom nant ones that people recognize. There
are three classes there; Ehrlichia chaffeensis is a
nmonocytic organism E. phagocytophila is |xodes-
transmtted. The chaffeensis is Anbl yomma-aneri canum
transmtted. E. ewingii is recently identified as another
di sease agent just within the last two years which presents
i ke a nonocytic ehrlichiosis. As far as di sease
potential, the nost severe outcone, of course, is
i munoconprom sed i ndi vi dual s.

[Slide.]

This is just a DIffQuick to give you an idea of
the staining that is done for Ehrlichia chaffeensis. This
is why it is quite often--we tal ked about it in an

ener gi ng- di sease synposium the great increase in the
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nunber of cases of booth HVE and HGE organisns. | would
like to point out we really don't know how frequent these
di seases are.

[Slide.]

| f you look at the clustering of disease HVE
entrance, you see, with this, that we have a cluster of
di seases in the Arkansas-M ssouri area.

[Slide.]

We have got sone in North Carolina, really heavy.
It turns out it is one of these things where, if you | ook
for the disease, you are going to find it. W have
physi ci ans and we have research groups interested init.
They are out there looking for it and they find it w thout
any problem

It is not diagnosed in communities where you
don't have specialized people [ooking for it.

[Slide.]

This give you an idea of the area of distribution
of Anmbl yomma aneri canum that would be affected by this. W
now t hat there chaffeensis-related organi sns found
t hroughout the world and, unfortunately, we don't know a
great deal about the epideni ology of a |lot of these at
present.

[Slide.]
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The ot her energing di sease showi ng simlar and
| ater incidence is human granul ocytic ehrlichiosis, Lyne
di sease. Most peopl e who know about tick-borne di seases
know about Lyne disease. This is the sanme vector that
transmits Lynme disease. O course, this has been our
nunber-one poster child for tick-transmtted diseases in
the United States and has served as a source of funding for
a lot of projects on that.

The HCGE incidence, just like my HVE slide, is
clustered around M nnesota and Connecticut. That is,
agai n, where you have active groups who are going out there
and are getting physicians aware of these di seases and
maki ng the di agnoses.

[Slide.]

That is not to say that it is not wdely
di sseminated. |If you look at scapularis and pacificus, the
agent distribution is quite wi despread so we expect to see

a lot nore cases as physicians are nore famliar with these

di seases.

[Slide.]

| would like to end up with just to point out why
is all this happening. Ehrlichiosis is a new disease. |Is

it emergence of a disease recognition or is it really just
that we have the tools now and we know it is out there. W

didn't know before 1987 with the chaffeensis.
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Retrospectively, it has been identified in ticks,
in the case of phagocytophila, better known as HGE agent,
human granul ocytic ehrlichiosis agent, which was identified
back as far as 1982 and 1984 in Wsconsin and New York,
respectively. But the explosion of the deer popul ation
from 350, 000 around the turn of the century to an estinated
26 million in the United States, this is the reservoir for
the ticks and the di sease and man incidently cones in
contact with these and acquires the disease.

[ Slide.]

| amjust briefly going to give you two slides on
Bartonella and then | wll talk about nucleic-acid
technol ogy. Bartonella; classically, there are four
di seases that are caused by bartonellosis. The hall marks
of these organisns is that they are well known for causing
chronic infections. The classic one is Bartonella
bacilliforims which is found in the Peruvian foothills.

It is transmtted by sand flies, leads to chronic infection
of erythrocytes. 1In the case of that organism parasitema
of as much as 50 percent of the erythrocytes can be

det ect ed.

Trench fever is very well known fromWrld War
and World War |II. It causes recurrent fevers. Then, nore
recently, the emerging disease that has stinulated a | ot of

interest in the United States is that Bartonell a hensel ae
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is the causative agent of cat-scratch disease. There is
estimated to be around 20, 000 cases of cat-scratch disease.
It can cause chronic infections including encephalitis
cases have been described as a result of this organi smas
well as a |lot of other presentations.

Endocarditis is another thing that is conmmonly
associ ated with these.

[Slide.]

Thi s dendogram shows you an idea of what we had--
actually, this is alittle bit out of date. It gives you
an i dea where Bartonellae fall in the phyl ogenetic tree and
approximately ten years how many of these organi sns we knew
about, hensel ae being the nost recent addition to them

[Slide.]

The Bartonellae famly now | ooks |ike this.

There are synbiotic organisns. W don't really know what
their disease potential is. They are in practically every
vertebrate species, very high carriage rates of Bartonell ae
in the bl ood.

| just wanted to nmake sure you are aware of this.
An exanple of this is cattle herds have been screened.

They quite often will have 40 to 50 percent of the cattle
herds will contain Bartonellae organisns in their bl ood.
We know very little about what the disease potential of

these is but there have been a few cases of hunman
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infections wwth sonme of the agents that are related to
t hese.

There are al so a nunber of rodent-associ ated
Bart onel | ae whi ch have caused human di sease incl uding
Bartonel | a el i zabet hae which is a rat-borne organi sm

[Slide.]

So this is a quick sutmmary of what the current
di agnostic tests that are done at CDC in terns of clinical
di agnosis in our |aboratory. None of these tests are FDA
approved. They are not CLIA approved. They are really
research tools that we use. But just to give you an idea
that there are a | arge nunber of targets that have been
used for the different organisns.

One organism | have not described is Coxiella
burnetii. | would just |Iike to enphasize here there is one
other thing with respect to bioterrorismagents. Three of
t hese agents are on the sel ect-agent |ist because of
concerns about their potential for use in bioterrorism

Acut e-fever agent, Coxiella burnetii, has been
weaponi zed. It is a very stable organismthat is very
easily transmtted by aerosol so we currently have a
research group in our program on that aspect of Coxiella.

Ri ckettsia prowazekii and Ri ckettsia rickettsi
are al so select agents for which we get no noney and

support for bioterrorismefforts but there is a
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consi derabl e concern because epidem c typhus has al so been
weaponi zed.

[Slide.]

The future is now in advances in technol ogy. |
wanted to point out something about the existing tests.

The problem we have is that nost of them because of the

| ow carriage of organisns in terns of bacterem a, they are
general ly tal king about | ess than 1,000 organism per m of
bl ood.

We have a | arge wi ndow period for nost of these
organisnms. It can range anywhere froma |low rate of onset
or a very rapid onset of about seven days up to as nuch as
40 to 60 days are estinmated, in sone cases, in terns of how
| ong the wi ndow bet ween exposure to the organismand active
di sease occurs.

The | ow carriage of these organi sns; nost of the
tests were devel oped for applications where there are | arge
nunbers of organisns. For exanple, in the arthropods,
carriage rates may tend to be high per organismand they
work quite well.

The current now technol ogy, reverse-transcriptase
PCR, multiplex, quantitated real -tinme PCR and chip
t echnol ogy.

[Slide.]
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| think, given the tinme, | amgoing to skip
through this. The main hol dup on adapting the advances in
nucl eic tests has been that nost of the Rickettsia
| aboratories are fairly inpecunious. Governnent |abs and
grants are short in supply and people haven't been able to
afford quantitati ve PCR nmachi nes.

In the last two years, that has changed radically
and there has been an evolution of tests for practically
every one of these groups and they are being rapidly uses.
Reverse transcriptase, of course, has advantages because
one of the problens we have found is that there is
persi stence of DNA after the ability to detect viable units
has di sappeared so that we think it is very inportant to be
able to check active RNA transcripts for disease.

It al so gives you the opportunity of getting
mul tiple copies of those RNAs conpared to the anount of
genetic material and increases in sensitivity.

[Slide.]

So we have, as | say, a large list of agents.
This is the quantitative PCR that has been devel oped at the
CDC where we detect all the spotted-fever groups of agents
quite efficiently. It doesn't pick up other ones. W have
anot her group antigen target gene that we can use that w ||
pick up all the Rickettsia.

[Slide.]
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O course, there are potentially target sites
wi t hi n--we have been using Cybergreen to be able to detect
all these because there is sequence variation between them
You can nake specific TagMan probes and identify down to
speci fic agents.

[Slide.]

One of the issues that has driven a |lot of the
work is the problemw th | ow nunbers of organi sns.
| mmunomagneti c separati on has been used to concentrate
organi sns, anti body-capture nethod and precipitation of
DNA.

[ Slide.]

Finally, what is the real risk? | amjust going
to say one study. One concern that drove a | ot of our
interest in blood study was the experience of a National
Guard unit that was involved in a blood drive in Arkansas.
Approxi mately 377 individuals donated 320 bl ood units that
wer e subsequently transfused into individuals.

Then they went back to lowa. A nunber of the
i ndi vidual s came down with diseases that were associ at ed
with Rickettsia. They were confirned at the CDC. There
were twel ve individuals out of this unit that had Ehrlichia
or spotted fever. There were eight cases of Rickettsia,

three of Ehrlichia and one that was both.
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Fortunately, there was no i nmedi ate transfusion
as a result of giving these 320 units to recipients but we
do have, in the literature, exanples where transfusion-

medi ated R ckettsial di sease have occurr ed.

Thank you.
DR. ASHER: Thank you, Dr. Dasche. | think we
will have to di spense with the questions.

DR. NAKHASI: Yes; | think since the tine is
short, we will nove on. Maybe at the end of the tal ks, we
wi || have sonme discussion

The next topic is the Trypanosoma cruzi, agent of
Chagas' disease, to NAT or not to NAT, Dr. David Lei by.

Trypanosoma cruzi, Agent of Chagas' Di sease
to NAT or not to NAT

DR. LEIBY: As we heard in the |last day or so,
there has been a rush to NAT virtually everything out
there. So maybe now | will provide a little dissenting view
or at |east maybe a framework in which to think about
things in the future that we m ght consider to NAT or not
t o NAT.

[Slide.]

The one | amgoing to talk to you about today is
Trypanosoma cruzi which is the etiologic agent of Chagas'

di sease first described by Carl o Chagas fromBrazil in the

1900s. It is a small protozoan parasite that has an
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intracel lular and extracellul ar phase in humans. This is
the extracellular flagellated state seen. You can see it
is conparable to the size of a red blood cell.

It causes a chronic asynptomatic and untreatabl e
infection. Those are all very inportant issues when you
t hi nk about whether or not we should be testing even at al
since we don't even screen for Chagas at this point, but
for NAT testing at all.

The fact that it is a chronic infection is
sonething that | amgoing to cone back to. It is endemc
to portions of Mexico, Central America and South Anerica
and there have been several autochthonous cases reported in
the U S., the nost recent one just a couple of years ago in
Tennessee.

Now, transm ssion occurs by several routes. The
nost conmon one or, actually, the natural transm ssion, is
vectoral transmssion. | will show you a picture of the
bug in the next slide. It also occurs by bl ood
transm ssion and there have been six docunented cases in
the U S. and Canada. Certainly, there have been several
ot her cases or many nore cases that have been m ssed.

Lastly, | want to point out sonething that is
sonetinmes |lost, the idea of congenital transm ssion,
congenital transm ssion, nother to child. That occurs

probably through one generation but, perhaps, passed down
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t hrough several generations. That has inplications in the
U. S

[Slide.]

This is a good picture of what the reduvid bug,
the vector, looks like. 1In fact, there are better pictures
that are nmuch nore colorful than this. They are really
rat her pretty bugs. They are hemat ophagous so they feed on
bl ood. When they defecate, the parasites are passed in the
feces and those are either rubbed into the bit wound, or in
the case of this young Brazilian girl, into a nucosa
surface, being the eye.

In this case, she has a |ocal reaction, a
Chagoma, where the parasite has entered. But the real
i ssue with Chagas' disease and how it affects individuals
is when the parasite lodges in the cardiac tissue. These
are anmastigote stages found in the cells of the heart.

This is the place in which nost of the di sease pathol ogy
actually occurs leading to problenms with arrhythm as and
al so to sudden deat h.

[ Slide.]

How does this all get to play in the United
States? If we say natural transmssion is extrenely rare
inthe US., why is it a concern to the bl ood-banking and
transfusion nedicine. It all cones back to issues of
i mm gration.
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So when one wants to tal k about energing
i nfections and how they may play a role, energing
i nfections can be ones that are newly discovered but they
can al so be ones that have shifted in their |ocation
through the imrmgration of individuals. Things |ike
Chagas' disease, nmalaria and other organisns fall into this
cat egory.

[Slide.]

Over the last twenty or thirty years, there have
been | arge nunbers of individuals who have immgrated to
the U S fromlLatin America, Central Anerica, South America
as well as Mexico. |In the census in 1990, when they asked
| egal residents--and | say "legal"; keep that m nd--where
their country of birth was, alnost 4.5 mllion said Mxico.
Alnpost 1.5 mllion said Central Anerica. About 1.1 mllion
said South Anerica.

The Hi spanic population in this country continues
to grow, as you can see from sone recent census data from
t he 2000 census in which the population of H spanics in
this country has gone from=22.4 to 35.3. That is not to
say that 35.3 million individuals are at risk for
transmtting Chagas, but it does show these nunbers are
gr owi ng.

In part, those nunbers are growi ng from people

who have immgrated to the U . S. The other issue for
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i ndi viduals who are in this country and who are i nfected,
the potential for congenital transni ssion cannot be
di scount ed.

[Slide.]

How big a problemis Chagas or what is the rea
risk in the United States? | put together sone nunbers.
| f you want to try to figure out what the nationw de risk
is, if we go first with the idea that there are approxi nate
12 million bl ood donors per year in the country.

We did a survey several years ago in which we
determ ned individuals who are risk. W found that about
2.5 percent of the individuals in this country are at ri sk,
at risk neaning those who are born or have spent extensive
time in an endem c country, that being Mexico, Central
Anmerica or South Ameri ca.

That | eads you to have about 300,000 at-risk
donors in the U S. Through many of our studies |ooking at
seropreval ence, we know that approxi mately about 1 out of
625 donors who are at risk will confirmas seropositive.
So, out of those 300,000, there are approxi mately 480
seropositive donors in the U S

| f each of those, on average, donates 1.6 tines
per year, then there are 768 seropositive donations per
year in the US. Fromthose, if we nake two conponents per

unit, we have slightly over 1,500 potentially infectious
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conponents in the U S. each year. It is not a trivial
anount and certainly sonething that is worthwhile
addr essi ng.

[Slide.]

What about nucleic-acid testing in Chagas
di sease, or T. cruzi, the parasite, itself. | posed these
three questions, and these three questions can be used, |
t hi nk, not only for Chagas' disease and T. cruzi but for
any ot her emergi ng agent which you m ght want to address.

First of all, is there anything there to neasure?
It is not worthwhile doing NAT if there is nothing to find.
In many of these parasitic agents, you have to keep in mnd
that they live in relatively sequestered environnents.

Sone parasites are found only in brain tissue, or they are
found, as | just showed you, cardiac tissue.

If they are not circulating in the periphera
blood, it is not very likely you are going to be to nmeasure
t hem

How sound is the technique? W can nmeasure DNA
We can neasure RNA. W can tal k about reverse
transcriptase. There are many different options.
Unfortunately, for many of these energi ng pat hogens, sone
of the devel opment of tests are still in their infancy. So
how sound is the technique and does it really pick up? How
sensitive is it?
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Lastly, and sonmething we are going to tal k about,
is there a benefit over serologic testing? Just because
you can do a NAT test doesn't nean, in each case, that it
is better than serologic testing. | hope to explain sonme
reasons why this mght be the case.

[Slide.]

This is sone data froma study that we did in Los
Angel es and Mam . It was over four or five years. It is
in the final stage of review in Transfusion. W hope to
have it out very soon. | just want to talk to you briefly.
| am not going to go through these nunbers. Sonme of you
have seen these before.

| want to talk a little bit about the Los Angel es
data which involved the study of over 1.1 mllion donors in
L. A of which using a radi oi munoprecipitation assay we
confirmed that 147 of these were positive. They were
seropositive. They had antibodies to Chagas' disease.

That is the other thing to consider; just because
t hey have anti bodi es doesn't nmean they clear the parasite.
Actual ly, anyone who works with Chagas will tell you if
t hey have antibodies, they nore than |ikely have the
parasite. The seropositivity rate in L.A was about 1 in
7500.

We asked that very question of these 147 donors,

if they had anti bodies but they also had the parasite.
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[Slide.]

So we went about it in several ways. These were
actually our transm ssion studies, or as part of
parasitem a testing, we were trying to find if they had
parasites that could be likely transmtted by bl ood
t ransf usi on.

W did two things. W brought in the donors,
enrolled themin a study. W interviewed the seropositive
donors for risk factors. That is quite inportant and |
will come back to that in a nonent.

We al so drew whol e-bl ood sanples for testing for
both PCR and henocul ture. Now, | highlight whol e bl ood
because, as we begin to think about these energi ng agents
and how we want to test for them if we want to use NAT, we
have to get beyond the idea of using plasma or sera.

We have intracellular agents sone of which are
circulating in the blood cells, so we have to figure out
what ki nd of blood sanple you will use. In this case, it
is whole blood. [If you are going to |yse the whol e bl ood,
what does that do to the sanple? Then you have to |yse the
cells, thenselves, to get the parasites out. So these
i ssues becone nore conplex as you nove into these ideas of
ener gi ng agents.

For PCR, there is actually a very nice PCR

avai labl e that identifies a 330 base-pair product of the
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kKDNA mnicircle. T. cruzi, as well as its cousin,

Lei shmani a, have what is called a kinetoplast which is an
extra chronosomal chunk of DNA. Each parasite has 30,000
to 40,000 copies of the sequence that you can target.

So, based on that, the sensitivity has been
calculated not by nme but in the literature as one parasite
per 10 mMs of blood. So, in essence, it is a very
sensitive PCR But the problemis that there are not that
many parasites in the unit of blood that is drawn.

So you al so have to consider, when you take your
sanpl e, how nuch sanple you are going to test. There may
only be one parasite in the unit of blood, so if you test
that sanple, you may very well likely mss the infection.
But, as for the Rickettsia and other agents, one parasite
can transmt disease.

Henocul ture, | really won't go into, but it is a
bl ood-cul ture nethod not quite as sensitive but what it
nicely does it you can see the actual parasites sw nm ng
around. So it gives you indisputable evidence of the
presence of parasite.

[Slide.]

We had 52 donors enrolled in the study. Wen we
tested them by PCR, 33 of those donors, or 63 percent, were
parasitem c or they had PRC-positive results. That is a

pretty | arge nunber, | woul d say.
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One thing to keep in mnd here is not all these
donors were identified as PCR positive for one test. Sone
of these, you had to test nore than once. That gets back
to the idea of the intermttent nature of parasitem a as
well as the fact of |low nunbers. So a single test alone is
not going to identify all the individuals. W may have to
do nore tests than just three, even.

There are sone issues with the henoculture. It
is less sensitive. W had issues of shipping the sanples
fromL. A | won't go into those. But all three sanples
are henocul ture-positive or also PCR positive.

[ Slide.]

We | ooked at sone correl ations between PCR-
positives and PCR-negatives. |Is there any way to judge why
sone woul d be PCR-positive and sone others woul d be PCR-
negative. One of the ideas that conmes to mnd is that,
perhaps, they had nore recently immgrated fromtheir
endem ¢ country and had circul ati ng parasites sw nmm ng
t hrough their veins.

So we | ooked at a nunber of risk factors. W
| ooked at their age, as | said, years post-inmgration,
living in substandard housi ng, recognizing the vector or
being bitten by the vector.

What we observed for all these characteristics

for the PCR positives and negatives was that there was no
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significant difference for any of these. But what | wanted
to point to here is nmean nunber of years post-inmmgration.
PCR positives, eighteen years post-inmmgration. The sane
with the negatives, an average of 20.

So what it tells you is these people are quite
long renoved fromtheir initial exposure. They were
probably exposed when they were young children. So what we
are dealing with is a very chronic infection. W are not
dealing with active transm ssion which you see in a |ot of
the viral agents. So, in that case, there probably isn't a
wi ndow period to neasure. So that nakes a suggestion that,
per haps, NAT testing may not be the way to go. But we wll
come back to that issue.

You m ght say what good woul d NAT testing be?
Well, it was quite useful and | think it continues to have
a role certainly in research and certainly |ooking at sone
clinical cases.

This was the Mam transfusion case which we
publ i shed in The New Engl and Journal a couple of years ago.
This involved a nultiple-nyelona patient--we just heard
about nyel oma patients--who was transfused with a platel et
unit that later confirned as seropositive.

Once this had occurred, we followed this
i ndi vidual, or asked perm ssion to follow this individual,

t hrough bl ood sanpl es using both serology as well as PCR
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and henoculture to determne if this individual actually
becanme infected with parasite fromthe transfusi on and what
was the natural history of the infection.

| shoul d point out the donor who was actually
inplicated in this infection emgrated fromChili 33 years
ago. The first sanple we received was at 43 days and was
only a serosanple which we tested for antibodi es using
Abbott's Chagas kit. It was virtually near baseline at
zero signal-to-cutoff val ue.

The next sanple we received was at 57 days. Once
again, the serol ogy was negative but we had a whol e-bl ood
sanple that we tested by PCR and al so henoculture and it
was positive. Every sanple subsequent, or thereafter, was
positive by PCR and henocul ture.

What we observed as the titers finally began to
rise, we didn't see seroconversion until 100 days. So,
certainly, there is sonme type of w ndow period. One has to
keep in mind, this is a nyelom patient so we are not sure
how she may have been affected. Her inmune system nay have
been conprom sed, but there certainly is a wi ndow phase in
t here that one could use to neasure.

| would also Iike to say both the donor and
reci pient not only were serologically positive but they
wer e denonstrably parasitem c

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



at

You could al so use NAT testing because it was
quite useful in this case. W used restriction fragnent-
| ength pol ynor phisns to actually nail down the relationship
bet ween the donor and recipient. These are a nunber of
prinmer sets, the DNR of the donor and recipient. The T was
a totally human reference strain. You can | ook,
particularly in this one, it is very nice, the pattern of
t he donor and recipient are nice matches and quite
different fromthe other ones.

[ Slide.]

So, to sunmarize, to NAT or not to NAT. First of
all, NAT, at least for T. cruzi and, perhaps, other agents,
is actually very good at identifying circul ati ng parasites,
if they are there. So it is quite good for identifying
active parasitema but we get into those questions about
how hi gh are the nunbers, are they there, and so forth.

As | just showed you, it is good for using it for
donor-reci pient matches. It is also highly specific and
sensitive, but there are those questions, then. Wat about
the sanple source is an issue. Are we going to use whole
bl ood? How are we going to treat the blood? How are we
going to get the parasite out? |s there enough there to
measure, and so forth. That is the same thing; whole bl ood

ver sus sera or pI asna.
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This is a relevant point | think that needs to be
brought out for other energent agents as well, whether it
be Ehrlichia, Babesia or any other agent which we m ght

test for down the road.

Lastly, | would say that it does have, at |east
in this case, limted benefit over serologic testing.
First of all, there is very rare active transm ssion in the

U.S. so what we are looking at is a chronic infection in
i ndi vidual s who imm grated here years and years ago. So,
for that case, in Chagas' disease, they have |lifelong, very
hi gh, antibody titers. Based on that, serologic testing
along is probably sufficient for Chagas' disease.

Thank you.

DR. NAKHASI: W have tinme for a question or two.

DR. GALLARDA: Wy aren't we screening for
Chagas' anti body?

DR. LEIBY: Wy aren't we?

DR. GALLARDA: At those preval ence rates; yes?

DR LEIBY: That is a good question. That is
sonething that is under active consideration, | think, by
the Red Cross and ot her organizations. Certainly, with the
transfusi on cases, the chronicity of infection, it is
sonething, | think, that needs to be considered. Perhaps

in the near future, we will see it.
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