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Table 4
_ Scrapie infectivity in samples generated dunng the P-1SN/AT study

Before fliration Filtrate

Animal number Animal number

1 2 3 I 2 3
Appearance of clinical signs (day euthanized) 87 87 87 94 143 105
PrP5® in brain by WB3 Detected Detected Detected Detected Detected Detected
Lesions by histopathology +ve +ve +ve +ve +ve | +ve
Meduila (oblongata) D, VP DVP bvp . DbVvpP DVFP DyVvp

- Cerebellum {cortex) D D,V.P DVvpP DVP DVF DVP

Midbrin ’ ' D.P Dvp VP Dr Dp PVP
Hypothalamus DP D,V.P DP D,V,P br Dr
Thalamus .DpP D,vp ., DP D,P DP DFP
Hippocampus NR (DAY D D oyvp ny
Paraterminal body D.Fp DF DP- NR bD,V.P P
Cerebral cortex (posterior midline} D,P DP D,P D.P DV} . DVP
Cerebral cortex {anterior midline) D, DV.p D,V.P DVFE . DVP DV.P

Abbreviations used: +ve, scrapie positive; NR, no remarkable change; D, degeneration of nerve cell; V, vacuolation; P, proliferation of glial cell. A

corresponding hamster brain material on histopathological ob-
servation (Table 4). Typical nerve lesions are shown in Fig. 3.
Thus, P-15N filtration did not result in the complete removal
of mfccuvmy, for this process step. ;

4, Discussion

In this study, we have investigated the eapacity of P-35N,
P-20N and P-15N filters to remove the 263K scrapie prion pro-
" tein, PrPS, under the conditions used for the manufacture of
four different plasma-derived products, using spike prepara-
tions designed to present a serious challenge o the filters.
" 'Validation studies to evaluate the capacity of manufacturing
. processes to remove potential contaminants, including prions,
are required for biological or biopharmaceutical -products.
intended for human use. When designing these studies, a worst-
case challenge should be used wherever possible, to minimize
the risk of over-estimating the capacity of the process 10 re-
move such contaminants. Virus removal filters (or nanofilters)
are designed to remove contaminants predorninantly on the
basis of size. The worst-case challenge for such steps should
therefore be 'a preparation containing the smallest possible
form of the infectious agent.

TSE clearance studies provide a particular challenge in that
the nature of the infectious agent is still uncertain, and the
forms of infections agent. present in plasma, and/or during
the different stages of a manufacturing process, are not clearly
understood. The causative agent of TSE diseases is believed to
be strongly associated with, if not solely composed of, the dis- -
ease-associated prion protein, PrP*°. Normal cellular PrP is
a membrane-bound glycopretein, which associates with mem-
branes through a glycosylphosphatidylinesitol (GPL) anchor.
Prion infectivity is associated with heterogeneous particles,
including membranes, liposomes and protein aggregates, so
called prion rods. Therefore; methods which result in solubili-
zation of membrane proteins, or dispersal of membrane frag-
ments, vesicles and/or protein aggregates, may be expecied
to reduce the size of particles associated with prion infectivity.

Treatment of MF preparations derived from brains of
uninfected (normal) hamsters with either detergent (0.1%
lysolecithin or (.1% sarkosyl) or extensive sonication (*‘super-
sonication”)- resulted in a rapid reduction in the average
particle size, to approximately 100 nm. SD treatment (1%
Tween 80 and 0.3% TNBP for 6 h) also resulted in a reduction
in particle size, although this was slower and less effective,
reducing the average particle size to the order of 200 nm.

Fig. 3. Typical nerve lesions in the hippocampus of a hamster brain, taken from an animal inoculated with a P-15N-filtered sample (B), in comparison with the
corresponding region from an upinfected animal {A). Arrows, vacuolation; Arrowheads, degeneration of nerve cells; scale bar = 50 pm; HE staining used.
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*“Super-sonication™ has the advantage thatitis a physacal dis-
ruption precess, and does not alter the chemical composition
" of the spike material, thus minimizing changes to the start
material used for nanofiltration. SD treatment is included in
many manufacturing processes for plasma-derived products,
and therefore, although not as effective as “‘super-sonication”,
use of thig treatment might be expected to result in a spike
material more closely mimicking the form of infectious prion
present in the relevant start material during the manufacturing
process. Use of these treatments alone or in combination may
therefore be useful in reducing the size of infectious particles
present in TSE spike materials for prion clearance studies.

The effect of the above treatments was studied using nor-
mal MF, as the facility was unable to handle infectious TSE
materials.- Although some care should be taken in extrapolat-
ing these resuits to TSE-infected brain material, *“super-soni-
cation” of 263K MF. preparations appeared (o reduce the
removal of PrP** following filtration, while detergent-treated
spike preparations have previously been shown to present
a more significant challenge to nanofiltration steps than un-
treated preparations ([9,10] and own unpublished observa-
tions). Furthermore, “super-sonication”, with or withowt SD
treatment, does not appear to reduce the level of infectivity
present within the 263K MF, supporting the use of such prep-
arations for prion clearance studies.

Using 263K MF teated with 0.1% sarkosyl, “super-sonica-
tion” or SD plus “super-sonication”, we investigated the
prion removal capacity of P-15N, P-20N and P-35N filters in
the manufacturing pro¢esses used for four different plasma
praoducts. The results obtained suggest that both the composi-
tion of the materials to be filtered and the prion load influences
the removal of prions. PrP5® was recovered in the filtrate frac-
tion from three out of the four processing steps performed for
P-20N and P-35N. In contrast, under all conditions tested, P-
15N filtration resulted in removal of PrP>° to below the limit
of detection of the Western blot assays used. Thus, P-15N
would appear to be a more robust method for the removal of
prions, reproducibly giving LRF in the order of 3 logs, under
the conditions tested. In practice, however, it is not feasible
to incorporate P-15N filtration into the manufacturing process
for all plasma derivatives. From the results shown in Table 2, it
may also be possible to optimize processing conditions to al-
low effective removal of PrP®® using P-20N or P-35N filters.

WB assays were used to monitor the partitioning of PrP5®

during the nancfiltration processes. WB agsays are serni-quar- -

titative and serve to provide an indication of the relative levels
of Prp®e present in different samples. Howevey, there are lim-
itations to the sensitivity of available WB assays, and these as-
says provide only an indirect measure of infectivity. Therefore,
to confirm that removaj of PrP™® does refiect removal of infec-
tivity, bioassays need to be performed.

Although PrP> was not detected in any of the P-SN fil-
tered samples by ‘WB assay, infectivily was recovered in a fil-
trate fraction tested by bioassay for one process run. Foster
aiso noted that infectivily was detecied in a filirate fraction af-
ter P-15N filtration ([8] reported as personal communication;
data not shown). Thus, even with P-15N, depending on the

’ 3\#“‘*.@.; REE

S

processing conditions, there may be incomplete removal of
prion contaminanis.

Although infectivity was detected in the fil trate fraction from
the one process step studied, longer and more variable incuba- .
tion periods were observed in the animals inoculated with the |
filtrate sample (Table 4), suggesting a lower prion titer follow-
ing filtration. However, it was not possible to estimate the rela-
tive levels of prion infectivity present in the input and filtrate
samples, as no data was available to correlate incubation pe-
riods and prion titers for this study. Based on the titers typically
observed for 263K. MF stocks, the bioassay used could theoret-
ically detectreductions in prion infectivity in the order of 4 logs

~for this process step. Detection of infectivity in the filtrate frac- .

tion by bipassay is therefore not necessarily incompatible with

the WB results obtained (LRF >2.8 logs), and may simply re-:

flect a difference in sensitivity between the two dssays used.
As discussed above, uncertainties about the nature of th£ in-

fections agent in plasma, and during the manufacturiffg pro-

cess, raise concerns about the design and interpretation of -
prion clearance studies. No single spike preparation is likely
to contain all potential forms of the infections agent. Infectiv-
ity is assocjated with membranes and protein aggregates. In
addition, it has recently been shown that the GPI anchor is
not required for infectivity, suggesting that endogenous pro-
teolytic release of PrP*° from cell surfaces may also contribute
to the spread of the infectious agent in vivo [19,20]. Whether
significant levels of infectivity in human plasma are associated
with GPl-anchorless prion protein is not yet clear. These dif-

-ferent forms of infectivity, with different biophysical proper-

ties, could show different partitioning properties through the
same manufacturing process [7). Furthermore, different forms,
of the agent may differ in their level of infectivity. For exam-
ple, it was recently reported that particles in the order of 17—
27 nm appeared to have the highest relative level of infectivity,
in comparison to Jevels of Prp5e [21]. Therefore, a better un-
derstanding of the nature and forms of the infectious agent
is essential to allow the design of more accurate models for
prion cléarance studies, and 2 more confident evaluation of
the safety of manufactoring processes with respect to potential
TSE contamination.

In summary, we used methods intended to reduce the size
of particles present within MF preparations in an effort to pres-
ent a worst-case (smallest} prion challenge during nanofiltra-
tion. Using such preparations, P-15N filtration consistently
reduced the level of PrP>® to below the limits of detection of
the Western blot assays used, suggesting that this process
step is effective {or the- removal of prions. However, data
from a single process step studied suggested that infectivity
could be recovered following P-135N filtration, and thus even
P-15N filtration may not result in complete removal of prions,
at least when used under some conditiofls.
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Planova filters. Some of the data presented in this study has
been summarized in a recent review {221.
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EXECUTIVE SUMMARY

Variant Creutzfeldt-Jakob disease (vCID) is a fatal neurodegenerative disease attributed to human
infection with the agent of bovine spongiform encephalopathy (BSE) and is most often transmitted
by the consumption of beef products from infected cattle. Cases of vCJD were first reported in
humans in the UK in 1996, and as of August 2006, 195 cases have been reported worldwide, with
162 cases in the UK. Since December 2003, there have also been three reports in.the United
Kingdom (UK) of probable vCJID transmission by red blood cell transfusions. The donors were
healthy at the time of donation, but later developed vCJD. Of the three red blood cell recipients
who probably became infected with the vCID agent after transfusion, two developed vCID and
died from the disease. The third died of an unrelated illness

The probable transmission of vCID via red'blbod cell transfusions raised the possibility that
plasma derivatives might also pose a risk of vCJID transmission, although there have as of yet been
no reported cases of vCJD in any recipients of plasma derivatives in the UK, where the risk is
considered greatest, or elsewhere. UK authorities have notified physicians in the UK and their
patients who received plasma’derivatives made from plasma from UK denors, about the potential
for risk of vCJD from these products. These products included coagulation factors VIII, IX, and |
X1, as well as antithrombin III, and intravenous immune._glohg.in_s, The derivatives of concern
were manufactured from plasma collected from UK donors from 1980 through 1997. In 1998 UK
manufacturers stopped using UK plasma. The last expiry date for any of the UK products was in
2001,

Problem: Some Factor XI (FXI) made from UK plasma was used between 1989 and 2000 to treat
a small number of patients, estimated to be 50 or fewer, who participated in several Investigational
New Drug (IND) studies at various sites in the US. No FXI product used in the US was
manufactured from a pool containing plasma from a donor diagnosed with vCJID (that is, there
were no known "implicated” lots). However, the UK population;including UK plasma donors, is
at a considerably higher risk for vCID than the US population due to food chain exposure to BSE
although the estimates of risk vary widely.

Question addressed by risk assessment: Given the probable recent transmission of vCJD via
transfusion of red blood cells, what is the estimated range of potential visk to US reczprenrs who
received a human plasma derived FXI proa’uct ma;zufactured ﬁom UK plasma?

FDA presented the “Draft Risk Assessment: Potential Exposure to the vCJD Agent in United
States Recipients of Factor XI Coagulation Product Manufactured in the United Kingdom™ at the
February 8, 2005 meeting of the Transmissible Spongiform Encephalopathies-Advisory Committee
(TSEAC) for review and comment. The risk assessment computer mode! predicted that recipients
of UK manufactured FXI may have potentially been exposed to the vCID agent, and although the
risk of possible vCID infection could potentially be significant, the actual risk is highly uncertain
and could be low. On October 31, 2005 FDA sought advice and discussion on several risk
assessment model inputs for plasma derivatives and potential vCJID risks. FDA has incorporated
comments and advice provided by the TSEAC at the February 8, 2005 and October 31, 2005
meetings, and by FDA staff and Special Government Employee peer reviewers to develop this
revised risk assessment (revisions summarized in Table 1 of the Risk Assessment) of potential
vClID risks for US recipients of FXI manufactured from UK donor plasma.
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