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25 developed in response to a request from the CJD Incidents Panel
ing the tinding of abnormal prion protein in the spleen of a patient with

ing that the abnormal protein represents a marker of vC]D infection,
& various possible routes through which such infection could have

analysis presented to the Panel, while giving slightly more
on for other readers, and is placed here for public record.
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onal 1% (over the UK population risk derived from consumption of
cf products) “cisk threshold” used by the CJD Incidents Panel to
tigger ckcts.ons on notification of increased risk status.- We also consider the
wider implications for groups that are or might be classed as “at risk”. Although
the analysis does throw some light on these questions, it also highlights some
conundrums for our understanding of vCJD prevalence and transmissibility.

Summary of findings

6. Specinicaily, we conclude that on the evidence available:

{  The chance of the patient having been infected via an endoscopic
procedure is very small, probably comparable to that of having been
infected via primary (dietary) exposure. The potential risk associated with
the endoscopies can be disregarded in assessing the risks associated with
the possible blood-borne transmission routes, and no specific action is
catled for with regard to other patients on whom those endoscopes may
have been used.

{17 Comparing the blood-borne routes, the patient is much more likely to
have been infected through receipt of plasma products, rather than
any of the 14 units of red cells known to have been received. The
iznplied risk of each of these 14 donors being infected appears to lie
beiow the 1% threshold that would trigger “at risk™ status.

(iiy  Given the large pool sizes involved (of the order of 20,000 donations pér

pooiy, the risk differential between “implicated” and “non-
implicated” batches of blood product is not marked. Unless the
prevalence of infection is very low, there is a strong possibility of any
given barch of blood products prepared from large pools sourced from
UIC donors in the period 1980-2001 containing at least one infected
donadon. This reinforces the logic of the CJD Incidents Panel’s 2004
decision to consider all haemophilia and blood disorder patents exposed
o such UK-sourced plasma products as an “at risk” group. There is no
strong case for differentiating between sub-groups.

vy Given the precautionary assumptions in the DNV risk assessment, any
paticnt exposed to substanual quantities of UK plasma product (as this
haemophilia patient was) would almost certainly have received a
s J‘wm ntial infectve dose, whether or not any of the batches were
wplicated” (i.e. traceable to 2 donor who later went on to develop
clinical vCJD). In fact, this patient may have been more likely to have
been infected by receipt of large quantities of “non-implicated”
plasma, than by the smaller quantities of “implicated”.

{(vi  Thelack of any clinical vCJD cases to date amongst patients with
sacmophilia may suggest that the DNV infectivity scenatio is overly-

ssimistic. Risk assessments carried out elsewhere assume that a greater
rion of the infectivity would be removed during the manufacturing
~wocesses. This raises issues beyond the scope of this papet.
Nevertheless, we have re-run the analysis using a markedly lower

“fectivity assumption with regard to plasma products, and the
conciusions listed in (i) — (iv) above still hold.

i
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Figure 2: One component donor, not known to be infected: plasma pool, containing ® exXposurc o many i
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ate numerically, suppose p is 10* Le, prevalence of infection is 1 in
fatt = Land t = 107 (that is, transmission via the product pool is less

n via the transfused component by a factor of 1,000).

¢ can be shown that;
MY =112 _PD2 = 10/12 and  P(prim) = 1/12

-sma pool is thus clearly the most likely transmission route, by a
¢ cach of the other two possibilities.

cd to analyse these simple cases are now extended to consider
¢ haemophilic patent with a finding of abnormal prion protein in

s¢ an “implicated” donor means one for which there is now
taving been infected with vCJD):

transmission routes in this instance consisted of the
.
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licated” plasma products 0,000 for the piova
infecnon havi

sowe consider the relative probability of the patient’s infection having come
neimplicated plasma products, versus the 14 Red Cell transfusions. As
P she “methods” section, we need to balance the greater transmission
v for blood components (Red Cells in this instance) against the
ce of an limplicated donor contributing to the pooled plasma products.
1 is shown schematically in Figure 3, omitting for now the other

I"" plasma products.

14 component

that in all scenatio
illustrauve figu
they do suggest
plasma producis,
clearly below 170
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Table 1: Relative probat

1
Figure 3: 14 component donors, none known to be infected; 2 plasma products, -

each from a pool containing an implicated donation T
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‘of the order of

them did, in {act, «
iional variable here is t, — the chance of transmission from an B Cradely, if tie ;
“’his can be quantfied using the infectivity assumptons contan abour 2
cated in DNV’s risk assessment (DINV, 2003). As discussed
Savrhier Do the caleuladons initally use the more pessimistic of alternative 206. This a
afcoaviy scenaries considered by DNV,

men ol anc oL

iiso suppose that the onky infected donation in the plasma

» ihe identified infected donor — though this is reconsidered
cdetailed in the first part of Annex A, calculations then suggest that
mfected conor would have resulted in the Factor VIII received by the

¢ conaining a rotal infective dose of about 0.2 IDy, (0.16 via one pool and
ae other). Using the simple linear dose-response model that has

¢ Parel recommendations to date, this implies a transmission probability

mately 0.1,

hen use the approach set out before to assign probabilities to the 3 More sirictly, the ex
infection routes in different scenarios. Table 1 below shows the results, distribution. However, the
s vatue for t, and alternadves of 1 and 0.5 for t, and 1 in 4,000 and 1 in receiving high volures i prod:
fluctuations wiil tend to cven e
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29.

~1

applying additional measures to those with known exposure to implicated
batches
batches.

This specific haemophilia patient had received such large quantities of Factor

VIIT - almost 400,000 units, the majority since 1980)] - that on these calculations,
the cumulative risk from the “non-implicated” batches may well have exceeded
that from the smaller number of “implicated” ones. This can be illustrated by
considering the expected number of 1Dy, received via each route. This is
tustrated in the second part of Annex A In summary:

{ the two “implicated” pools contained 3 infected donations, this route
would have exposed the patient to a total dose of 0.6 IDy,,

*  ifthe other “non-implicated” pools cach contained 2 infected donations,
tiis route would have exposed the patient to an expected total of 24 1Dy,

Simple spplication of the linear dose-response model would then suggest that
whereas Factor VIII from the two “implicated” pools would have contained a
dose liable to transmit infection with a probability of 0.3, the large number of
units sourced from “non-implicated” pools would have contained more than
cnough infectvity to transmit. Crudely, this suggests that the “non-implicated”
poo ols epresent the more probable source of infection, by a factor of just over 3.

This last calcuiation is reflected in Table 2 below, for prevalence scenarios of
both 1in 10,000 and 1 in 4,000. However, we stress that this is very simplistic. It
rests on accepung the linear model uncritically, and assuming that doses received
on saccessive occasions can simply be added together in calculating an overall

1

r!

< of infecdon. Nevertheless, the comparison between “implicated” and “non-

implicated” routes is instructive, in showing how the sheer number of exposures
may come to dominate the presence of a known infection. -

Tablc 2: Relative probabilities of potential infection routes (mcludmg “non
implicated plasma” products)

Note: these are illustralive calenlations only. Al figures are rounded to the nearest %, or Var
suiadl probabilities) indicate an upper bound.

Note that the differential between infectious doses is much-greater, but the practical effect is
limited by infection being regarded as certain once the dose reaches 2 IDy. As seen in following
paragraphs. the visk differential between routes is therefore more pronounced in lower-infectivity

scena

Frevalence p 1in 4000 1in 10,000

T 2 sion crobability, t . 0.5 1 0.5 1
Frababiity impicated plasma products 38% 38% 24% 24%
“rebatility of each of the 14 component donors <0.03%| <0.03%| <0.02%| <0.02%
Erobability primary . <0.08%| <0.03%| <0.02%| <0.02%)
Protabiiity non-implicated plasma products 61% 61% 76% 76%|
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s conclusions still hold, in particular regarding the small implied
4 red cell donors.

v probabilities of potential infection routes (including “non

jesine” products and using lower infectivity estimates for plasma
products)
1in 4,000 1in 10,000
ot 0.5 1 05 1
i p'asma products 2% 2% 3% 3%

13l trz 14 component donors <0.05%| <0.09%| <0.05%| <0.09%

<0.08%; <0.09%| <0.09%| <0.03%

v iestad plasma products 97% 97% 7% 96%

sibations only. Al figures are rounded to the nearest %, or (for small
ser ound.
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Annex A: Application of &

(a) Implicated Donations

Key points: FHB4347
*  There was one imp!
donatons (pool size

* Factor VIILis derives
ID.s / donation o

* 70.45kg of cryoprec:
in the FHB4547 L

*  This implies that /2
batch (18.38 D)

1,844 vials cach of 500 Lo
estimate of 0.00997 10,5, -

Professor Frank Hill's rc;

batch, giving an esdmated D00 [

Key points: FHC4257
*  There was one im
donatons {(pool siz
* Factor VIII is der
1D, / donation o

AT

* 67.6kg of cryoprecipiin v
FHC4237 batch

* This implics that rae i

* 5,074 vials cach o
0.0118 ID,, per v

Professor Frank Flij'e vor-
batch, giving an estmicesd ¢os

Conclusion

In total, these calculanon
1Dy, from the “imp
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transmission probabiin ¢!
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(b)Y Non-implicated Donations

In addivon o the implicated donations, we have also to consider the possibility of other
donors contributing to a pool being infective. With pool sizes of the order of 20,000

ir pool will be likely to contain contributions from one or more infected

-, unless pis very small. For implicated pools, these will be in addition to
cated donor.

donations, ¢

= of 1in 10,000, one might therefore expect the two implicated pools to
infected donations, taking the total from 1 to 3 per pool.

thc infective dose received via the implicated units three times that

iso recetved approximately 391,000 iu of UK-sourced Factor VIII plasma
treatment #of known o be associated with any infected donor. In round figures, this can
be visualised in rerms of 20 exposures to pools of 20,000 donors, each typically
containing 2 donanions from infected donors. The exact infective dose passed on to the
paucent will vary from batch to batch. However, the two examples given in part (a)
suggest an eventual dose of 2-5 x 10 IDy, per unit, per infected donor. For illustration,
therefore, suppase that cach unit exposed the recipient to 6 x 10° IDy,, 400,000 such
unilts would thercfore have exposed the recipient to 24 1Dy,

15

whaove, L.e. a total of roughly 0.6 ID,, yielding a transmission probability of 0.3,
ghly 50 ¥ g |2 ty
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faclor VI solution

Salvent/dciergent

treatment

T aiee Portter

b lon

E s s ffoe o 1 e
chromaography

Fafler o 28 et

Lapihibret on

fior, with the breakthrough {unadsorbed)
neing collected (fibrinogen fraction).

s of equilibration buffer, containing
applied and the resultant wash frac-
wash}. This was followed by 26 ml
staining 250 mm NaCl, at a flow-
vie facror VI {factor VIII fraction}).

Cleaning of the ton-exchange gel

~n of the factor VIII eluate, the chromato-
¢ i situ by washing with 2 M NaCl,
30K and then again with 2 M NaCl,
s applied to the column and the

v:ash). Subsequently, 0-1m NaOH
column and an eluate (39 mi)
pH increased from 6-3 to > 12 (NaOH
hication of 0'1 m NaOH was complete,
i to soak in NaOH for ! h and then
2 wash with 2 M NaCl (42 mi). An eluate
was collected to capture the protein-
served at this stage (second high-NaCl

wias colliecied
washt When o

the columin v

yotein elution during the

Determinatinn of

¢ continuously by inline measurement
density at a wavelength of 280 nm
iein being eluted (Fig. 2).

Scale-down of the ion-cxchange process

rige procedure used in this study
s and purification for factor VIII

vive

b+ Saimple 2

Sample 3

| Sample 7 tliest high-NaC{ wash}

| [~ Sample 4 ([ibrinopen)

exchange Ly Sample § (Jow-NuC' wash)

p—er— Samipie 6 {Factor VI

Fig. 1 Flow diagram of the processes over

(::T[;nxs Sample & (NaOH trestiment) which partitioning of bovine spongiform
medin encephalopathy [BSE} 301V infectivity was

pinms Sumple 9 (secand high-NaC'l wast) measured. 1EX, inn-cxchange chromatography.

0D

Volume
Fig. 2 Optical density of fractions eluted during ion-exchange
chromatography of intermediate-purity factor VIII to which the bovine
spongiform encephalopathy (8SE) 301V micrasomal inoculum had been
added. (a} Fibrinogen fraction {110 mu NaCl); {b) low-NaCl wash {145 mm
NaCl; (c) factor Vil fraction (250 ma NaCl}; (d) first high-NaCl wash (2 M
NaCll; (¢) NaOH wash {01 w NaOH}; {f} second high-NaCl wash (2 w NaCl].

and fibrinogen equivalent to the full-scale process. Although
the degree of scale-down was = 1300-fold, all materials and
surfaces were the same as in routine manufacture, except that
chromatography eluates were coliected into polypropylene
"containers rather than stainless steel vessels. The 0Dy
profile obtained in the presence of added 301V (Fig. 2) was the
same as that obtained in the absence of 301V, both in the small-
scale model and in the routine full-scale chromatography
pracess, demonstrating the accuracy of down-scaling achieved.

Determination of BSE 301V infectivity

The BSE 301V infectivity of samples from the ion-exchange
process was determined by bioassay. Samples for assay were
diluted in saline and injected intracerebrally (20 ul) into

© 2004 Blackwell Publishing Ltd. Vox Sanguinis {2004) 86, 92-99
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Table 2 Distabution of bowng spon, fore ~nceans

factor W

3
—_——
L3En e

Stage/(raction tigofr . oy

Lo Microsemal inocutum 73"
Factonr Vit progess

2. Facior Vill soiution (spixect 5 :

3. Factor Vitl soluticn after 50" 68 '

4 Fibrnogen fraction (120 mw a1 <3e

5 Law-Nallwash (145 mu %ali) B R :

6. Factor VTl fraction {250 mu tial H Y3
Cofumn cieaning

7.Firsthigh-NaCl wash (2 w alt) L

8. NaGH wash {0-1 m NaOH) < ;2 -

8. Secand high-NaCl wash 12 w NaCh) <32

“Taansmissivle spongiform encephaiopathy

"SI0, after treatment with soivent arg detergent
"Maximum value on the assumplion that 100%
"Approximate TSE titre, estimated from tioassay at one i
10, infectious doses 5004,

consisient with the original level of infect . iy
that aggregates may have formed during the !
of the microsomal fraction and that fuli
only achicved after the microsomal fraction
to the solution of intermediate-purity factar

there was a small apparent increase in 301V
solvent/detergent treatment (Table 2, this v:
margin of error for TSE bioassay titrations.
small increase in TSE titre is oficn detected :

gen.K treatment or other disaggregating trea's
cation) and is probably a result of disaggre ..
also occur as an effect of the efﬂczencyZFti':
The three fractions recovered from the jor.. -
cess, including the factor VI fraction, all ¢+ 14
infectivity. However, the quantity of infect: '
eachof these fractions was much less than tha:
material. From these data it was calculated ¢

w0 the feedstock to lon-exchange chroma:
infectivity was reduced by 2.9 log s in the Rbrinoge
and by 2:7 log,; in the factor VIl fraction { ,/E\
also estimated that less than 0-4% of the 30V 0
present in the feed 1o the ion-exchange procoss v
was recovered in the fractions coliected un o
the factor VUil fraction (Table 2), :nd]tatmé tha
added infectivity remained bound to the
matrix following the recovery of factor V(1.
In the procedure used to ciean the fon-vuch
between uscs, we found that a significant degres of &
desorbed into the first 2 m NaCl wash {Table 21




used & microsomal fraction for this purpese, for
by removing whole cells and large fragments,
ation was similar to the separation of

method of ¢
i cblood; and, second, to permit comparison

a1 this study with those from our cartier

wothe saiapie agent in which a microsomal
5o used [16,24]). No specific measurements
ta characterize the microsomal fraction,
e it for TSE infectivity. However, no sig-
SE reduction has been obscrved over teucofiltra-
tion, using cither endogenousty infected murine plasima [(41]
or blood spiked with the microsomal fraction [42], indicating
that, with respect to teucoliltration, the microsomal fraction
cartains Pr™ of a comparable state to that derived from an
endogenous source. Nevertheless, the extent to which 301V
infectivity from the micosomal fraction represents the vCJD

otier than o tira

niticant

agentas it would exist naturally at the intermediate stage of
the factor VI manufacturing process, has still to be estab-
B

iy, our measurements on the procedure used to

clem thc ion-exchange matrix, and our inability to achieve
an exact mass balance, were limited by the sensitivity of the
murine bioassay {Table 21 This was constrained by dilution
of the samplies to maxe them suitable for Intracerebral
inoculation, the small volume of sample tested and the
number of animals cmployed, which was minimized for
ethical reasons.

Conclusions

This experimen

has resulied in a number of important obser-
¢ nave confirmed that ion-exchange chroma-
tography can substantially remove a BSE-derived agent
from preparations of fibrinogen and factor VIII concentrate.
Second, most of the added TSE agent remained bound to
the ion-exchange matrix after elution of factor VII. Third,
the cleaning procedure used to sanitize the ion-exchange
matrix between uses was effective in ellmmatlng a signific-
ant preportion, and possibly all, of the BSE-derived agent
that remained bounc after the elution of factor VIil. Finally,
our results were similar to those obtained previously using
hamster-adapted scrapic. suggesting that scrapie 263K
may be a suitable TSE model for using to estimate the

vations. Firs:

partitioning behaviour of the vCJD agent over ioh-exchangc

chromatography.
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Removal of TSE agents from

P. R. Foster
Scattish National Blood Transfusion Service. Protein froctionation C

Contee @

Introduction

Transmissible Spongiform Encephalopathies (TSEs) e
fatal neuro-degencrative disorders. Creutzfeldt-Jakob disca
(CID) in humans is divided into classical CJD (cCJDY, of
there are a number of forms {sporadic, familial, Gerstma
Straussler-Scheinker (GSS) syndrome), and variant ¢
{(vCJD), the latter probably transmitted by food contami
with bovine spongiform encephalopathy (BSE).

<CJD has been transmitted by medical procedures in witich
tissues with a high level of infectivity were involved [1] but
transmission by blood products has not been observed (2]
possibly because infectivity in blood is very low. By contrast,
vCJD has probably been transmitted by transfusion of wholc
b'lood {3] consistent with cxperimental transmissions of BSE
between sheep [4].

- The prevalence of ¢CJD is 0:5~! 0 per million inhabitanis
per annum world-wide {5}. About 150 cases of vCJD have
been recorded, but the subclinical prevalence of infecticn
in the human population is not knowa. BSE has been ¢is
covered in over 20 countries and it is conceivable that Jarg
numbers of people have been exposed to infection. Withot
a suitable diagnostic test, the extent to which CJD ag
may be present in blood donations is ‘not known. !
therefore important to establish the extent to which
agents can be eliminated during the preparation of biaad
products.

TSE diseases are associated with conversion of privr
protein (PrP) to a pathogenic conformation (PrPSc) that
cumulates in the brain causing degeneration. TSE agents |
been found to be highly resistant to physical and chex
treatments and methods for their inactivation (6] arc toe
severe to be applied to blood products. Attention has ¢
fore concentrated on removal using separations technolo
PrPSc has a number of properties which could be explo
to separate it from other biological substances; including a

low solubility in aqueous solution, the ready formation
of aggregates and a tendency to adhere to surfaces {7].

SE
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titre preparations infected
ns 263K (8}, Sc237 [10) and
301 V [12] and three strains
radic CJD {sCJID) and GSS [13].

Determination of TSE agents

> beon used to determine the degree of
rrement of infectivity by rodent
1uno-chemical determination
Westem Bletting {9,16] or conformation-
oazssay [CDI) [10]. Immunoassays are
" has beer removed by digestion with
PS¢ bring resistant. Immunoassays are
theelfectiveness of PK-digestion and
PScis the infective agcr{t, or that it
rfectivity.

Two appro

removal of T srmead

Studies on individual process steps

Leucocyie-filt

‘tration of blood components
utior against vCJD transmission
B-lymphocytes were crucial to
sc (18], despite earlier findings
wn et al. [14] filtered fresh
tic mice ‘nfected with GSS (Fukuoka-
ced-reduction filter (Pall PLF1); no
infectivity was observed.
{-scale using a whole blood
ter [Fa'i WBF2) to filter 450 ml of blood
Athscrapie-263K Although infectivity
%5 (K. G Rohwer, unpublished), this was
Scrapie-263K was also employed
in which human blood spiked
4ifferent whole blood filters.
i cells occurred suggesting

Prpeat tat

interference by the MF spike; nevertheless, no significant
removal of PrPSc was observed over any of the filters [20].
Consequently, the ability of leucocyte-depleting filters to remove
TSE agents from blood components has still to be established.

Protein precipitation

Separation of proteins according to differences in solubility
is central to the manufacture of many plasma products. TSE
partitioning has been studied over cryoprecipitation and a
number of cold-ethanol precipitation steps (Table 1). Fraction
1ll and Fraction IV, which are discarded from immunoglobulin
and from albumin, respectively, gave a high degree of TSE
removal. Separation is only achieved when the precipitate
phase is removed from the solution phase. In routine manu-
facture, centrifuge supernatavnts are clarified by depth filtration
to ensure that the resultant solutions are of uniform quality.
Such filtration procedures are therefore an important adjunct
to precipitation processes.

Depth filtration

In immunoglobulin manufacture, the supernatant remaining
after removal of Fraction Ill (Supernatant II) and the solution
obtained when Fraction II precipitate is re-dissolved are both
subjected to depth fiitration. Similarly in the preparation of
albumin, both Supernatant IV and the solution obtained
when Fraction V is re-dissolved are both treated by depth
filtration. In these applications, added infectivity or PrPSc
was removed to the limit of detection by Seitz filters, whereas
filters from other manufacturers have given variable results
(Table 2). PrPSc was not removed from Supernatant I by Seitz
filtration [10], suggesting that the much broader spectrum of
proteins present at this earlier stage of fractionation satur-
ated the relevant binding sites on the filter. There are many
types and grade of depth filter available and more compre-
hensive data are required to better define those suitable for
removal of TSE agents.

Table 1 Removal of TSE agents by precipitation,

Lee Stenland  Vey Reichl with each process studied individually
f1s] 03 {10} (12}
263K vCid Sc237 oV
8H BH BH/MFICLD/PrPSc  MF
biocassay W hblot Col bioassay
10 09 0-3/0-2/0-4/2:4
0:9/0-8/0-7/31
60 36/3-1/3:1{40
53 21
{ 37/46

3-2/3-4{3-2/22

© 2004 Blackwell Publishing Ltd. Vor Sanguinis (2004) 87 (Suppl. 2}, 57-510
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Studies on process steps in seguc:

As welt as characterizing process stoos

important to exaniing steps operal

mine if removal by successive

precipitation steps in piasma fractinna:

inendogenous (6,14, R. . Rohwer,

unpublished] and in cxogenous |
results {Table 3} demonstrate a progirissive

TSE agent over successive steps, indicatn 1 o
precipitation processes can complement o Lo

precipitation was combined with dep
where two different filtration procedures ¢ [N
(12,22], the overall degree of TSE remuvai svee

the first step but was less than the sum obrar
vidual steps. These findings indicate that ¢ v
in interpreting data obtained oniy from inid:

Conclusions

There is a body of data suggesting thoy pre s o
plasma products are manufactured are
TSE agents. Nevertheless, there is @
relevance of the spiking materials

experiments and the range of steps studic
experiments has been restricted. !

limited in sensitivity, and pessibly in wne
studies are required, with advances n de
detennine the safety of pl
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Factor VIII and transmissible spongiform encephalopathy:

the case for safety

L. CERVENAKOVA, P. BROWN,* D. J. HAMMOND, C. A. LEEt and E. L. SAENKO
J. Holland Laboratory, American Red Cross, Rockville, MD, USA; *NINDS, NIH, Bethesda, MD_, USA;
and tHacmophilia Centre and Haemostasis Unit, Royal Free Hospital, London, UK

Summary. Haemophilia A is the most common
inherited bleeding disorder, caused by a deficiency
i iation factor VIII (FVIII). Current treatment
of hacmophilia A is based on repeated infusions of
plasmia-derived FVHI concentrate or of recombinant
FVII, which may be exposed to plasma-derived
material of human or animal origin used in its tissue
culture production process. We review epidemio-
logical and experimental studies relevant to blood

infectivity in the transmissible spongiform enceph-
alopathies (TSEs, or ‘prion’ diseases), and evaluate
the hypothetical risk of TSE transmission through
treatment with plasma-denvcd or recombmant
FVIIL

Keywords: blood, factor VIII, prion disease, safety,’

transmissible spongiform encephalopathy, variant
Creutzfeldt-Jakob disease

Flacmophilia and replacement therapy

According to a survey of the World Federation of

|54 hilia, approximately 400 000 individuals
worldwide arce affected with hereditary bleeding
disorders that require fifetime therapeutic care.
Facmoghilia A is the most common bleeding disor-
der, which affects 1 : 5000 males and is caused by a
deficiency or functional defects in coagulation factor
VUL {FVID) {1]. Haemophilia B or Christmas disease
atfects 1: 30 000 males (2] and is caused by a
hereditary defect in coagulation factor IX (FIX).
Both conditions are X-linked recessive - disorders
caused by mutations in the corresponding genes,
and are passed to the next gencration through the
female line. von Willebrand discase is a rare haem-
orragic condition, ‘inherited in autosomal dominant
fashion, ¢aused by a deficiency or defect of von

Cocres pondence: Larisa Cervenakova, Plasma Derivatives Depart-
ment and Evguene Sacnko, Biochemistry Department, Jerome H.
Fovand Laboratory, American Red Cross, 15601 Crabbs Branch
Way, Rockviile, MD 20855, USA.

Tel; + 1 301 738 0765; fax: + 1301 738 G708;

e-mail: cervenak@usa.cedcross,org or sacnko@usa.redcross.org
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Willebrand factor (vWF), which leads to a secondary
deficiency of FVIII [3].

_FVII is an essential component of the intrinsic
pathway of the blood coagulation cascade. It serves
as a cofactor for a serine protease factor IXa (FIXa),
which, in its membrane-bound complex (Xase),
activates factor X [4,5]. Activated factor X (FXa)
then participates in the conversion of a zymogen
prothrombin into thrombin, a key enzyme of the
coagulation cascade. Subsequently, thrombin cleayes
fibrinogen to fibrin and activates FXIII, which leads
to formation of a stable clot. Immediately after
release into circulation, FVIII binds to vWF to form a
tight noncovalent complex. Association with vWF is
required for maintaining the normal FVIIL-level in
circulation and for preventing the interaction of
FVIII with other components of the intrinsic Xase
complex. In addition, vWF protects FVIIl from
inactivation by activated protein C, and activated
FIX and FX. Upon.activation of the FVIINVWF
complex by thrombin, FVIIL is rapidly released from
the complex with vWF [4,6],

While initiation of blood coagulatlon is ascribed
to the extrinsic, tissue factor-dependent pathway in
which small amounts of activated factors IX and
X are generated, the intrinsic pathway catalyses

" activation of factor X approximately 50-fold more

63

- events triggered by the tissue factor-deri:

64 L. CERVENAKOVA etal

efficiently, dramatically amplifying the coa;n

pathway [7], The requirement of a powerfu!
fication of the coagulation burst via the
dependent intrinsic pathway for maintaining :
haemostasis explains why the absence of
“disturbs the coagulation process and recv
haemophilia A.
Based on the residual activity of FVII in -
haemophilia A is categorized as severe (< 1 1
of normal activity}, moderate (1-5 1U dL™
ity} and mild (S-30 IU dL™"). Clinically, the .
form of the discase is characterized by spo
recurrent painful bleedings into joints, muscl-.
soft tissues, and may result in a chronic
debilitating arthropathy. Haemophiiic ps:
mours may occur in bones as a result of
subperiosteal hacmorrhages with bony desti
and new bone formation. More serious co
tions and death can result from bleedings i
intracranial and retroperitonial space.
Current trearment of haemophilia A is
correcting functional FVIII deficiency by intra
infusions of plasma-derived, affinity-purified
more recently, recombinant FVII produc:
Plasma-derived concentrates of FVIII became
able for the treatment of hacmophilia A in ¢
1960s and provided a dramatic impravemen:
life expectancy of haemophilic patients [9]. L
relatively short half-life of FVIII in circulati:
14 h) [10], treatment of haemophilia A real
repeated (up to three per week) infusions of
sive FVIII products and in cases of severe disea
cost of treatment may be as high as US$100
year. The major disadvantage of piasma- o ive’
FVII therapy was the risk of transmis:
blood-borne viruscs, such as hepatitis B anc
human immunodeficiency virus [9, 11]. Reco
gene technologies offer new therapeutic provions
that are considered safer in certain aspect
plasma-derived concentrates {12-14). The sa:
plasma-derived concentrates has greatly impr
the last decade because of careful donor selcctin
screening of donations for infectious viruses,
enhanced: efficacy of specific antiviral sweps in ¢
manufacturing process [15). Concerns remain abot
the transmission of thermo-resistant nonlipid-cnve!-
oped viruses, such as parvovirus [16], which may oc
addressed, in part, by introduction of testing usi
polymerase chain reaction, and the hypothetical
of transmission associated with variant Creutz?.

Jakob disease (vCJD) [13].

Haemophilia (2002}, 8, 63-75




Pricns as tansmissible agents of TSEs

Cthar TSEs develop when a
fed nonmal ceil-surface glycoprotein, the
a (2P, nermal rP) changes its confor-
oform (PtP%, abnormal

introduced into susceptible

» intracerebral route of
ous agents responsible for

discase are called prions.
1ucleic acid and seem
of & conformationally
1 which the a-helical
-t of B-sheet increa-
how this conversion
nic mice have
factor is required
cry of the nature of

{ tormal PrP has not
ral tmportant observa-
Ao role in copper metabolism
expressed in most tissues
ng organs of the lym-
biood cells (38—45]. In
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ation studies of various steps used in the manufacture
of plasma-derived products. However, new concerns
about the safety of blood and plasma-derived prod-
ucts emerged when vCJD was identified in the UK
[48], based upon the fact that the abnormal PrP was
detected in lymphoreticular tissues, including tonsils,
spleen and lymph nodes in vC]JD patients [49-52],
but not in sCJD patients, and in the appendix of a
preclinical patient who eight months later developed
vC]D [53]; in addition, spleens and tonsils of vCJD
patients are infectious [54]. It has been argued that
blood of vC]JD patients interacting with lympho-
reticular organs might contain the abnormal PrP and/
or infectious prions. Concern is further heightened by
the following observations: (1) BSE, causally linked
to vCJD, has spread through many European
countries; {2) the extent of exposure to BSE, the
source and route of transmission, and transmissibil-
ity of different bovine tissues to humans have not
been definitely established, and few epidemiological
data are available to date; (3) the number of vCJD
cases is increasing, and it is impossible to predict
accurately the number of people who may have been
infected with BSE and might develop vC]JD in the
future, because the incubation period may vary from
4 to 20 or even 40 years, as found with kuru; (4)
epidemiological data are scarce concerning the risk
of blood-related transmission of vCJD; (5) disease
transmission by transfusion of blood from experi-
mentally BSE-infected sheep has been reported [55];
(6) information is incomplete about the distinctive
physico-chemical and biological properties of the
vCJD agent in comparison to the other well-studied
laboratory strains of TSEs; (7) there is no test
available for early diagnosis of infected individuals;
and (8) validation studies on the removal of TSE
agents (including vCJD) during the manufacturing of
plasma-derived products have not been completed
and verified by different laboratories.

Experimental blood-related transmission
studies

Animal-to-animal transmission

TSE infectivity has never been found in blood from
animals with naturally occurring infections (scrapie
in sheep, BSE in cattle) when inoculated into mice
[56-58). However, early TSE blood-related trans-
mission studies were not extensive, and employed
only a small number of donor and recipient animals
(Table 1). The low susceptibility of conventional
mice in these studies can be explained by the
existence of an interspecies barrier. In addition, it is
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Table 1. Transmission studies to detect tafeetivity ©

Recipient
Donor species species B
Scrapic {natural)
Goat Mouse { N
Sheep Mouse
BSE (natural)
Cow Mouse s
Cow Mouse
Scrapie {experimental)
Goat Goat Lol i o
Mouse Mouse
Goat Mouse PRI
Sheep Mouse U
Rat Rat
Mouse Mouse
Mouse Mouse
Hamster Hamster
Hamster Hamster
Hamster Hamster
Hamster Hamster?

Mink encephalopathy (expenmental)
Mink Mink
Mink Mink

BSE [experimental)

Cow Mouse
Cow?
Mouse Mouse :
Sheep Sheep?
CJD (experimental)
Guinea pig Guinea pig
GSS (experimental)
Mouse Mouse Loy
Mouse Mouse

crum

'In several of the studies, assays were conducted an s
20ngoing experiments. Citations for the original
intracerebral; i.m., intramuscular; Lp., intrageritu

possible that animals with natural discase

extremely low levels of TSE infectivity i ilon .t
are not detectable in inbred mice, and e

transgenic mice should therefore be used
studies.

In contrast to the negative results o
most transmission studics using human
the blood of animals with natural diseasc
sions have been consistently achicved whi
blood components from experimentaliy "3 al
ted animals, primarily rodents, were ustl
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T sion studies 0 derect infectivity in the blood of humans with CJD.
Pos.fiotal : Route of Pos./total
subjects Tnocul ¢ lati animals Reference
1l Guinea pig Buffy coat ic 2 73
i1 Guinea pig Buffy coat i.c. 0/s
Hamster Buffy coat i.c 2/2
Sporadic (] 143 Mouse Whole blood ic, 13 71
Sporadic CID 111 Mouse . Leukocytes i.c. 0/10 74
Mause Plasma conc. x3 ic. 3/8
03 Chimpanzee Whole blood units  i.v. “on3 : 75
01 Guinea pig Whole blood 0/2
Sporadic CI0 i Spider monkey Whole blood 0/3
Spo ¥ G Squirrel monkey Whole blood ic., ip,im. 011
Sporadic o4 Squirrel monkey Buffy coat i.Coy bV, 0/4
i Hamster Whole blood ic. 1/4 72
0/13 Tran mouse  Buffy coat ic. 0/106 Safar et al. 2000'
Plasma ic. 0/56 :
3 047 KU mouse Buffy coat i.c 0/34 54
Plasma ic. 0/47

efficient than the
case transmission for
a {67], and very low

plas
transid ere achieved by transfusion of

whol Geown and L. Cervenakova,
unpuilis

Taken scrvations permit a con-
fident infectivity occurs in the

blood of exper

imentally infected animals, however,
»f these data to humans remains the
subicct of ongoing scientific debate.

the relevance

Humtan-to-animal transmission

5 o transmit disease from human blood to

is are sumunarized in Table 2, Transmission of

sported. However, all these studies
stioned on scientific grounds. In
conirast, a number of attempts to transmit the
discase have been made at the National Institutes of
(NIH) Laboratory of Ceatral Nervous Sys-

7S} with negative cesults. Blood from
nts, inoculated into cither primates or
i : of units of blood
patients into three chim-
: diszase. Another large
ustng transgenic mice
case failed to record
from buffy coat and

brman dis

© 2007 Bioovweil Salence Lad

iris mouse data has not been published {76]. Pos., positive; conc., concentrate.

plasma collected from 12 sporadic patients and one
patient with familial! CJD (76]. .In addition, no
transmissions resulted from intracerebral inocula-

tion of mice with buffy coat and plasma from four -

vCJD patients [54]). More experimental studies
using transgenic mice and nonhuman primates have
been initiated to explore the transmissibility of the

.vCJD through blood transfusion and the use of
_plasma-derived products. The results of these ongo-

ing studies will help us better evaluate the risk of
transmitting vCJD through blood and blood. com-
ponents. '

Epidemiological blood-related Creutzfeldi-
Jakob disease transmission studies

A number of epidemiological studies have evaluated
the risk of TSE transmission by blood or plasma-
derived products. None of these studies has provi-
ded evidence that classical sporadic, familial or
iatrogenic TSE are transmiitted via blood transfusion
or via plasma-derived products. Two . systematic
reviews of case-control studies [77,78] have ana-
lysed data from Japan {79], the UK [80-82), Europe
[83], and Australia {84} and found no association
with risk of developing sporadic CJD from blood
transfusion. ’

Three studies investigating the possibility of
human-to-human CJD blood-related transmission
among the most frequently exposed individuals with
genetic bleeding disorders were performed in the US
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[85,86] and UK [87]. In the US study [85], neu:
pathological examinations of brain tissue from iz
few available autopsied patients with hacmophilia &
(22 cases), haemophilia B (onc case) and vis
Willebrand disease (one case) revealed no feat
of CJD. All examined individuals, except
received clotting factor concentrates {or more th
10 years; one patient-received cryoprecipitate. M
of the patients (21 cases) were HIV positive and the
majority (15 cases] had clinical evidence of CNS
involvement. Brain tissue from two cascs was alsc

" evaluated for. the presence of abnormal PtP; neither

was positive by immunohistochemistry. Analysis of
national mortality data in the US from 1979 to 195+
showed no evidence of CJD in patients

increased exposure to blood or blood prod
specifically, patients with haemophilia A, haemopii-

. lia B, thalassemia and sickle cell discase [86]. in

response to the emerging concern over vCJD, a
retrospective neuropathological cxamination was
conducted on 35 HIV positive UK haemophilic cases
who were treated with clotting factor concentrates
derived from predominantly UK donors during
years 1962-95 (87). No evidence of spongiforin
encephalopathy was found and immunohistocheu::
cal analysis was negative in all cases. [t was conciu-
ded that, at present, there is no cvidence of :
transmission of vC]D via clotting factor concentraies

‘to patients with haemophilia.

An investigational retrospective study has besn
conducted by the US National Blood Data Resou
Center since 1995 [88; personal communicatisn
from M. Sullivan]. Only the classical form of CID
has been under investigation becausec no cases of
vCJD have occurred in the US, The study found :
evidence of CJD transmission in 332 transfu
recipients of blood components from 23 CJD-imy
cated donors. None of the 212 (66%) dece
recipients for whom the cause of death was known
died from CJD, and a subgroup of 120 survivi
recipients {34%) continue to be followed. In addi-
tion, a subgroup of 42 long-term survivors have lived
a minimum of § years after transfusion with no signs
of neurological disease; some recipients were trans-
fused as many as 28 years ago, and 17 of thesc
survivors received components prepared from blood
donated less than 1 year prior to the onset of discasce
in the donor. A report from Germany [§9] identificd
one CJD patient who donated 535 units of bloud
during a 20-year period to 27 individuals. Noac of
18 deceased individuals died from dementia or
neurological causes; nine patients were still a.
4-20 years after receiving transfusions from this
patient, without any sign of mental deicrioration.
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{ BSE and in whole blood of sheep with

urther analysis of mouse bone marrow
revealed that EDRF is expressed in maturing eryth-
roid ceils, Preliminary analysis of normal human
blood revealed EDRF expression in the nonlympho-
cyte fraction, and future studies will be required to
derermine whether EDRF might be used as a
diagnostic marker of human TSEs.

Extensive reviews have recently been published on
press inthe development of diagnostic screening
teats for CJD by differear faboratories [76,93]. All
assays were almed at detecting the presence of
abnormal Dol as an indicaror of TSE infection, and
:ept one were based on an immunological
1 using appropriate PrP-specific antibodies.
The emsitivity of classical immunoblotting assays
: significantly improved {52,93,94], varia-
tions i Jissociation-cnhanced lanthanide flioroim-
1wassay {DELFIA) have been introduced [93, 96]),
and new advanced technologies such as UV-fluores-
crroscopy {97), capillary electrophoresis
and confocal laser spectroscopy {100) have

siphs o

scrapic.

has been

cence

(98,99

been appled. None of these assays has yet achieved |

the required senmsitivicy to detect picogram levels
of abnormal PrP equivalent to approximately 10~
201U ml.7Y the estimated maximum concentration
ol intccuvity in buffy coat during the preclinical
of disease in experimental transmission studies
{761, Ons group reported the detection of abnormal
Prl in bleod from scrapie-infected sheep [99], but we
heen able to identify the presence of
i PrPin the blood of CJD-infected chimpan-
humans afflicted with TSEs using this
' [Cervenakova et al, unpublished data). A
Hy important discovery has been made by
io et al. [101] who reported that pulse sonica-
tion could convert i vitro normal PP ointo a
proteasc-resisiant, abnormal Pel-like isoform in the
of tny quaniities of the abnormal PrP
. Conceptualiy this procedure is analogous
«ciase chain reaction amplification; the initial
of abnormal PrP agyregate with normal
m new abnormal aggregates that are then
sonication to form smaller abnormal

(NS

P

s tor continued formation of new abnormal
malee This method yiclded approximately
30 more abnormal PP (250 pg or 8.3 x

10777 mo’) compared to the input amount {6-12 pg
ar 0.2-0.4 x 1077 mol). it may be possible by this
nove! approach to amplify a subthreshold amount of
abnormal PeP from blood to detectable levels.

One problem that the field faces today is the
absence of a high-affinity rcagent that would specif-
ically recognize only abnormal PrP. Recently, plasmi-
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nogen, a protein of the fibrinolytic system present in
blood, which has also been implicated in neuronal
excitotoxicity, has been identified as the first natur-
ally occurring protein that may specifically bind full-
length native abnormal PrP from brain tissue of
multiple species {102, 103]. Earlier, a protocadherin-
2 was identified as a cellular receptor of high affinity
(Kd < 25 nmol) for both normal and abnormal
forms of PrP [104; personal communication from
N. Cashman]. Ideally, the use of these or other
reagents with similar properties, in combination with
various approaches such as in vitro amplification,
may achieve a concentration of abnormal PrP to
levels that could be detected by presently available
methods, and also find use in the removal of

_infectious TSE agents from blood and plasma-

derived products.

Removal of TSE agents/prions during
the manufacturing process of plasma-derived
Products

To define the risk of vCJD being transmitted by
plasma-derived therapeutic products, it is first neces-
sary to define the partition of infectivity through the
various separation steps used in the manufacture of
plasma products. Two approaches are possible for
validation studies: (1) use of plasma of experiment-
ally infected animals (endogenous infected plasma)
containing low levels of infectivity that can be
detected only in bioassays; and (2) use of brain
tissue (or tissue extract) from infected animals or
humans as an infectivity ‘spike’ to evaluate the
clearance of TSE infectivity in bioassays, or of
abnormal PrP by an immunological method, for
example Western blot [94,105,106] or conforma-
tion-dependent immunoassay (CDI) [95].

Two experiments have evaluated partitioning of
endogenous TSE infectivity ‘in plasma collected
from clinically ill mice infected with mouse-adapted
human TSE during Cohn fractionation, modified
for small volumes {66,67). The TSE infectivity was
partitioned into various fractions using cold preci-
pitation and differerit ethanol concentrations and
pH. Even though some of the infectivity partitioned
into cryoprecipitate, used by most manufacturers to
produce FVIIL, the level of infectivicy was more
than 10-fold lower than in plasma, and several log

~orders lower than levels in the brains of clinically

ill animals. These very low levels of infectivity did
not allow an evaluation of the removal capability
of various steps. Therefore, most validation studies
have been performed using the ‘spiking’ approach,
which has documented a significant degree of
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abnormal PrP removal during precip
sorption/desorption  steps, includin
cation exchange chromatography, hvdro:
interaction chromatography, nonspeci
tion, and multiple ion-exchange procedures [T,
107).

Brown et al, [66] studied the partitioning
infectivity during the modified Cohn fractic.a
of plasma scparated {rom human blood
with hamster-adapred 263K scrapic strain. <
small proportion of the infectivity (3% wa. :
cred in plasma and only 0.71% ar .
cryoprecipitate and fraction I+ 1« I}
shows the efficiency of TSE infectivitv an.
removal by various steps used for m
FVIIL Lee et al [94,105] performed v
studies of certain plasma-purificaticn stey
Bayer for the manufacture of plasma-de
peutic proteins. Their principle purification sws {or
manufacture of FVII {Koate DVI} emp! -
precipitations and size exclusion chreman oo
[106]. Two validated manufacture sters,
cipitation and PEG precipitation, i«
2.2 logio IDsp from FVII [105]. !
calculated the cumulative removal
multiple steps employed by SNBT Vro
ation Cenue (Edinburgh, UK) during
ture of plasma products, by analy
data on the removal capacity of vario
logio IDso reduction of TSE infectivi
manufacturing of the FVIII concentrar:
was shown. In a subsequent large ¢

o

vEd

Table 3. Efficiency of prion protein and/or TSE iniect

Spiking ¢

Validated manufacturing steps scrapiz!

Cryoprecipitation, precipitation and 263K n
adsocption, $D trearment and
ion-exchange chromatography,
membrane filtration

Cryoprecipitation and 263K LA i RN

cryoprecipitate/PEG separation

Cryoprecipitation

Ethanol precipitation §%

FVII immunoaffinity column 265K U e
ion-exchange chromatography (109}

VHamster-adapted scrapie (263K or 5¢237); "CL
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MONARC-M™ and Baxter’s Hemofil M). For
validation of the efficiency of two main manufactur-
ing steps {monoclonal antibody affinity chromato-
graphy and ion exchange chromatography),

cryoprecipitate suspension and fresh eluate from the

immunoaflinity column were spiked with 263 K
scrapie strain [106]. The results showed removal of
4.57 logyo IDse by the ant-FVIII immunoaffinity
chromatography, and of 3.47 log, ID 50 by Q-Sepha-
rosce chromatography, for a total removal of 8.04
logio 1Dso by the complete process [(110].

Taken together, accumulated data provide strong
evidence that a substantial amount of TSE infectivity
could be removed by the steps used during the
manufacturing of coagulation factors. These data
agree with the failure of epidemiological studies to
identify iatrogenic blood-related transmission of
TSEs. More studies are under way to address the
safery issucs associated with vCJD, not only for
coagulation factors, but also for other plasma-
derived therapeutics. Hopefully, the combination of
different approaches and new developments in
detection and/or removal methodologies for TSE
infectivity will lead 1o cven greater safety in regard
to the still theoretical risk of iatrogenic transmission
of vCJD through blood transfusion and plasma-
derived products.

Conclusion

Treatment of haemophilic patients with high-quality
therapeutics, and the elimination of risks associated
with blood-transmitted diseascs, deserves our highest
priority. The emergence of vCJD in the UK has
produced a new, albeit hypothetical, risk of infection
for hacmophiliac patients treated with coagulation
factors, and some cvidence suggests that the TSE
agent causing vC]D might be more invasive to
lymphorcticuiar tissue than classical CJD. Without
a reliable diagnostic test for selection of donors and
testing of blood products, a donor deferral policy
will remain the main preventive measure. Producers

of plasma-derived therapeutics, including FVIII, are

working toward the development of appropriate
methods to assure the removal of the vCJD agent/
infectivity, if present in human blood. Treatment of
haemophiliac patients with recombinant FVIII may
further decrease the possible risk of human-to-
human vC]D transmission. However, in the absence
of available recombinant products, the hypothetical
risk of vCJD rom plasma products is surely out-
weighed by the real risk of inadequate medical
treatment.
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Studies on the Removal of &b
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of Human Plasma Products
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-Abstract

Background and Objectives: To identify if any proc
steps used in plasma fractionation may have a capa
ty of removing agents of human transmissible spo
form encephalopathy (TSE). Materials and Methods:
Sixteen fractionation steps were investigated separately
by adding a preparation of hamster adapted scrapic
263K to the starting material at cach process step ana
determining the distribution into resuitant fractions of
protease-K-resistant (abnormal) prion protein by West-
ern blot analysis. Results: A number of process opera-
tions were found to remove abnormal prion protein to
the limit of detection of the assay. These werc coid
ethanol precipitation: of fraction IV {iog reduction, L7,

. 23.0) and a depth filtration (LR = 4.9} in the albumin

process; cold ethanol fraction I|+lil precipitation (LR

© 23.7) and a depth filtration (LR = 2.8) in the im-

munoglobulin processes and adsorption with DEAE-

Toyopearl 650M-ion exchanger (LR 2 3.5} in the fibrino-

gen process. In addition, a substantial degroe of
removal of abnormal prion protein was observed acros

DEAE-Toyopearl 650M ion exchange (LR = 3.1) used ir

the preparation. of factor-Vill concentrate; DEAE-
lose ion exchange (LR = 3.0} and DEAE-sephar
exchange (LR = 3.0} used in the preparation of factor-IX
concentrates and S-sepharose ion exchange (LR = 2.9
used in the preparation of thrombin. Conclusions.! i’;as-
ma.fractionation processes used in the manufacture of
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soluticn (2
ted with {2

. cod by 100
LY mlian, Factor [ v
‘oride, pti

phosphate (5 mA7) at pH 6.2, Factor 1L X
was applied to the colunin, which was then to
buffer, all at a How rate of 8.4 ml/rmun, 1ol
butfer + 280 maf sodium chloride 3
ed using 100 mb wash bufter +360 mA! sadium
mi/min

Solvent-Desergent Treatment and Ajfinity Chranatogr s

Factor (X (Step 12)

Microsomal inocalum (10 mil) was adasd + s solution o8
(108 ml) which had been prepared by difuting 36 mi of (ac
ate (step 11) with 72 ml of a soletion of ciueie 20 mM; - .,
(4.5 /), atpH 7.55. Tri{n-butyl)phosphate und Tween-80 « it
to 108 ml of “spiked” fucior IX solution o achizve a fin
tions of 0.3 and 1%, ic i
19 h, then purified by allinity chromategraphy
Burmouf et al. [25]. 30 mi heparin-sepharc
packed into a 26-mun diameter chromalagra;
Pharmacia} using 20 maf citrate. The solvent-:iviergent (
factor IX mixture was unplied ta the column, 12 bad washe
mlof 20 mM citrate, treated with 106 mi of W eiraw
sodium chioride and factor IX then eluted wit
citrate (20 mM) + arginine (4.5 /i) + sodium
at a flow rate of 3.1 ml/min

ceotumn

dmtolas. ..

SD Treatment and lon Exchange Civenmnacopraphy of T

(Step 13}

Microsoma! inoculum (9.5 ml) was ad an unpuriled
tion of thrombin (197 inl), which had been prepared by ca.
vation of the factor 11, IX and X eluate {{ig. ! siep 2) accor
method of MacGregor et al. [20]. Tri{n-tulyi prosphate a
80 were adced 1o achieve final concentretions of 0.3 and,
spectively, and the mixtre stisred at 25°C for i hoprior w
tion of thrombin by ion exchange chro iy, 200ml S-
(Pharmacia) was packed into a 26-mm diame chromatogi™
umn (XK 2¢/10, Pharmacia) and washed wita 20 mAf tris.
rate (80.ml) at pH 6.5. The SD-treated thiombin mixture w.
to the column at a flow raie o7 £.5 mis cofumn w,
with 200 ml trisodium citrate (20 mAf) wnd it
with 80 ml of tisodium citrate (20 mAS5 + sodu-n chioride = ©7
at a flow rate of 4.2 ml/min,

Sded

%

t

Precipitation and Adsorption of Cryoprecisiare Extract

(Step 14)

Microsomal inoculum (9.5 mi) was ¢
tract (215 ml} which had been preparcd by ¢
frozen washed cryoprecipitate in 20 mM Tris
pH of the extract was adiusied 10 6.7 and
+ sodium chloride + trisodium citrate + hep
conceatrations of 0.5 m zire, | mA! ciirate
The mixture was stirred {or § rain at 20°C, aly
hydrogel, Superfos, Copenhagen, Denmark) w
centration of 5%; after stirring for a further |
was centrifuged at 5,500 g for 13 min at 20°C W recover ;
natant, which was then formulated to 20 mAy tsodium o
2.5 mM calcium chioride,

inium hydeo .
weddedtoa:

duride (50 7

i, the so; o

N was (oL
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0 the prepard-

o ate®?)

Table 4. Distrinein

aan

by precipita-

Process step» Factor VIiI Fibrinogen
CFb RF« CF RF
I Cryoprecipitation 1.7 1.0 . 1.7 1.
14 Zinc precipitation + Al (OH), adsorption 2.0 1.7 20 A3
15 SDY + DEAE Tyopeur! 650 M chromatography RE kN =4 2
16 Membrane filtration (0.45 pm/).22 jum) 1.6 1.0 n/dx e
“ Number of process step in MNowsheet (fig. 1).
" PrPY% ¢learance factor (logn).
¢ PrPSreduction Tactor (logyn).
4 Solvent-detergent treatment,
¢ Not determined,
Process steps Factor 1X FI,IX and X Thrombin

CFb  RF¢ CF  RF CF RF

I" Cryoprecipitation

<l0 <10 <10 <10 <)o «I.

2 DEAE-cellulose adsorption 2830 28 30 28 30
11 DEAE-sepharose chromatography 44 30 nfad nfa nfa  nla

2 SD* + heparin-seph:
16 SD + S-sephurose ¢

arose chromatography 2.7 [.4. nfa  nfa W2 nh
hromatography ofa n/a W nfa 33 29

* Number of process step in flowsheet (fig. ).
b PrPSe clearance factor (log).
¢ PrP% reduction factor (logq).

¢ Naot applicable.

©  Solvent-detergent treatment.

Process steps Precipitation conditions % distribution® of Pi'PS,:"
ethanol pH  temperature time precipitate ' supernatan
% - °C h
! Cryoprecipitation - - - - 10 96
3 Frl+II+0 precipitation 21 670 -5.0 15 84.4 4.7
4 FrlV precipitation 35 555 -5.0 17 > (00 <Q.1
8 Fri+lll precipitation 8 .10 -25 16 > 100 <0.02
~ 8¢ Frl+lI precipitation 12 510 -2.5 16 > 100 <0.02

* Number of process step in flowsheet (fig. 1).
" 100% = Total PcPS measured in feedstock prior to precipitation.

Process step used in
4 Process step used in

the preparation of immunoglobulins for intramuscular administration,
the preparation of immunoglobulins for intravenous administration.

ent nature [16], that most PrPS¢ remained adsorbed to chro-
matographic matrices following product elution.

The contribution made by each step in an overall process
will be dependent on whether or not different steps are com-
plementary to one another. As each process step was exam-

Foster/Welch/McLean/Griffin/Hardy/
Bartley/MacDonald/Bailey

Partitioning over cryoprecipitation is less clear. On pro-
cessing plasma from mice experimentally infected with &
human TSE. the infeciivity appeared 1o partition primariiv
inlo the cryoprecipitate, whilst in the comparative exoge-
nous experiment using human blood “spiked’ with sceapic
263K, 8.1 log,y LDsy remained in plasma, but only 0.7%
this infectivity was detected in the crvoprecipitate {300, In «
subsequent larger-volume endogenous experiment, using
blood from scrapie-infected hamsters, Rohwer {387 hs
timated that about 20% of the plasma infectivity partit
into cryoprecipitate.. By contrast Petteway et al, {31}
human plasma to which scrapic 263K brain home
was added, reported that 90% of PrPSe partitioned 1
cryoprecipitate. Our finding that about {0% of th
263K PrPs added to human plasma partitioned is
precipitate (table 4) is reasonably cominarehle w
er's {38) figure of 20% from his larger-voiume er
model, suggesting that the microsomal inocuiumns
our study behaved similarly to a TSE age
ly in plasma. However, it is also p 8
different results reported may simply reflect variations be-
tween different manufacturer’s procedures for the pre
tion of cryoprecipitate, rather than differences in the nature
of the infective materials used.

Little information is available on the behaviour of TSE
agents in chromatographic separations cumrently used i
plasma fractionation. Drohan [34], in a siudy of facior V1!
processing, has reported log,o RFs of 4.4 and 6.3 for im-
munoaffinity and ion exchange chromatography, respec-
tively, using a 10% brain homogenate of hamster-adapted
scrapie as the inoculum and with infectivity determined by
bioassay. Additional chromatographic data are available
from a variety of different bio-process industries (13, 14,
16, 39, 40] with log RFs ranging from 2.2 to 5.5. Our re-
sults on ion exchange are within this range, with essentiaiiv
no difference being observed betweer anica excha j
cation exchange or between different ion exchange m
(table 3). The somewhat smaller degree of Prpse
observed over heparin-affinity chromatography {(tablz 3;
step 12) may have been due to a smailer charge differc

uciion
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SUMMARY. Although there is no evidence that ciassical
CID (¢CJD) can be transmitied by human blood or blood
products in clinical practice, uncertainties surrcunding
new variant CJD (nvCID) have led to the safety of
plasma products derived from UK donors be ques-
tioned. To better define whether or not therc is a risk of
nvCID being transmitted it is necessary lo dctermine
how the causative agent would partition across the

separations processes uscd in the preparation of plasmu
products.

The abnormal prion protein which is associated with
transmissible spongiform encephalopathies (TSEs), sucls

~as CJD, has a low solubility, a high tendency o form

aggregates and adheres to surfaces readily. If the physico-
chemical properties of the agent of nvCID are sunilar to

those of abnormal prion protein then nvCID may be

Transmissible spongiform encephalopathies (TSEs) are @
group of fatal neurodegencrative disorders including
scrapie in sheep, bovine spongiform encephalopath:
(BSE) in cattle and Creutzfcldt~Jakob discase (CJD) in
humans (Baker & Ridley, 1996). CID is a rare d 3
which occurs uniformly worid-wide, with an incidence of
about | per o persons per annum. A new form of TSE
in humans, termed new variant CJD (nvCID), was firs
identified in 1996 in the UK and is belicved o have
resulted from the consumption of central nervous tissuz
from BSE-infected animals which entered the human
food chain (Will et al., 1996). The current clinical
incidence of nvCID in the UK is about 0-2 per 10°
persons per annuin (Scottish Centre for Infection &
Environmental Health, 1998) but, in the abscnce of &
suitable diagnostic procedure, the subclinical prevaience
of the infection is not known,

Comespondence to: Dr Peter R. Foster, Development Manager,
SNBTS Protein Fractionation Centre, 21 Ellen's Glen Roud.
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products in this regard, the FDA decided that batches of
plasma products must be recalled where a donor had been
diagnosed with CJD or was at increased risk of CJD

(FDA, 1995). Tn the 12 mouths to 30 March 1998, the

FDA recalicd 175 batches of albumin products, 83
batches of imnunoglobulins and 11 batches of coagula-
tion factor concentrates on this basis, This extent of
plasma procuct recall in North America resulted ‘in
shortages of critical therapeutic products (FDA, 1998a).
Subsequendy, the FDA position was revised to recom-
mend the recall of products only where a donor had
developed nvCID (FDA, 1998b). In Europe, plasma
products do not require to be recalled on the basis of
classical CJD (cCJD), but a decision was taken to recall
batches where nvCID has been diagnosed in‘a contribut-
ing donor (CPMP, 1998). Three such UK donors were
identificd in 1997 and the subsequent product recalls,
the lack of knowledge of the prevalence of subclinical
nvCID in the UK population together with some evidence’
that the distribution of nvCJD in human tissues may
differ from that of ¢CJD (Hill ef al., 1997) resulted in the
safety of plasma products derived from UK donors being
guestioned (Ludlam, 1997) and ultimately to a-decision
by the UK Government to ban the manufacture of plasma
derivatives from plasma collected in the UK, as'a pre-
cautionary measure (Warden, 1998).

In order to define the risk of either ¢CJD or nv€JD
being transmitied by plasma products it is necessary to
determine how the causalive agents would partition across

the separations processes that are employed in the manu- -

facture of plusma products. The effect of pharmaceutical
manufa o procedures on TSE agents is normally
assessed by challenging a scaled-down version of the
process with a high titre of a defined strain of a rodent
adapted scrapic agent and measuring the infectivity of
samples, i before and after processing, by intra-
cerebral injection in animals, Such studies take a long
time to compicete and, because of the high costs involved,
tend to be restricted to a small number of key process
steps rather than a comprehensive examination of the
complete manufacturing process. For example, in a
study of the process used to manufacture Trasylol®, the
examination of four individual process steps consumed
1600 mice and took 3 years to complete (Kozak ef al.,
1996).

TSE agents arc highly resistant to inactivation (Taylor,
1996) and therefore, for protein pharmaceuticals, it is
their physical rcmoval that is of particular interest.
Preliminary data on TSE agent partitioning have been
reported for some selected process steps used in the
fractionation of human plasma using a rodent adapted
strain of a human TSE agent (Brown et al., 1998) and a
rodent adapted strain of the scrapie agent (Brown et al.,
1098, Petteway er al., 1998), but the outcomes expected

over a complete plasma fractionation process have n
yet been described. In the absence of comprehensi:
measurements of TSE agent partitioning across plasn
fractionation processes, the behaviour of nvCID can |
estimated only by extrapolation of data obtained fro
similar biopharmaceutical process operations. ‘A prov
sional assessment of how TSE agents might be expects
to partition during plasma fractionation has been mac
on this basis.

PLASMA FRACTIONATION

The " Scottish National Blood ' Transfusion Servic
(SNBTS) manufactures over 250000 unit doses of
range of different plasma products’ from =100000kg «
plasma. The preparation of each product involves exte:
sive processing via a carefully designed, closely cor
trolled series of operations (Fig. 1) (Foster, 1994). Eac
process includes a number of steps in which macrc
molecular constituents are preferentially removed; thes
steps are summarized below on a product-by-produc
basis. :

Albumin (Alba®)

The SNBTS process for the manufacture of albumi
involves removal by centrifugation of the precipitat
which forms when the frozen donations of plasma ar
thawed (cryoprecipitate), removal by centrifugation ¢
the precipitates which form at 21% ethanol, pH6-7(
— 5 °C (fraction I 4 IT + IIT) and at 35% ethanol, pH 5-5¢
—5°C (fraction IV), depth filtration through a mixe
bed of cellulose, kieselguhr and perlite. at two stages
depth filtration through a mixed bed filter incorporatin;
a cation exchange resin and membrane filtration 2
three different stages of the process, two of whic!
employ a cellulose acetate membrane. The final produc
is pasteurized at 60°C for 10h to inactivate potentia
viral contaminants.

Immunoglobulins

Similar purification procedures are used in the manu
facture of immunoglobulin products. Following. th
removal of cryoprecipitate and the recovery of fractior
1+ I+, the resuspended fraction I[+II+1II i
adjusted (8 or 12% ethanol, pH:5-1, -~ 3 °C) to precipitatc
fraction I+ III, which is removed by centrifugation, the
supernatant being clarified by borosilicate glass deptt
filtration. The IgG solution is subsequently subjected to ¢
mixed bed depth filtration (cellulose, kieselguhr an¢
perlite) and to membrane filtration at three differen
stages of manufacture, two of which employ a cellulose

" acetate or similar membrane.
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s purified from the desorbed
(above) using anion exchange
in affinity chromatography.
embrane filtration steps are
lvent-detergent treatment to
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¢d as a stabilizer and must
ssment of risk.

®
goclaberare™)

V1T concentrate, the extract
is partially purified by pre-
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» s similar to that of factor
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n operations followed by
» membrane filtration pro-
and heat treatment at 80 °C

THE PARTITIONING OF TSE AGENTS IN
BIO-SEPARATION PROCESSES

Background

Although a number of different TSE diseases are known
the causative agents are generally believed to posses
similar physicochemical properties (Groschup er al.
1997) and to consist of a conformationally altered forn
of cellular prion protein (PrP®), referred to as abnorma
prion protein (e.g. PrP%), Whether or not PrPS® is itsel
the causative agent of disease is not known; however
removal of PrP™¢ s generally associated with removal o
infectivity (Farquhar et al., 1998).

PrPS has still to be fully characterized (Donne et al.
1997; Edenhofer er al., 1997), but the molecule i:
believed to be based on a 27-30-kDa glycoproteir
subunit (Meyer et al., 1986) and, with both hydrophobic
and hydrophilic domains (Bolton er al., 1987), tends tc
form large amorphous or rod-shaped aggregates in vitre

‘(McKinley eral., 1991). PrP5® hasa low aqucoué solubility

below pH 9 (Gasset ez al., 1993) and is readily precipitatec
by ethanol (Prusiner et al., 1980), ammonium sulphate
and polyethylene glycol (PEG) (Turk et al., 1988).

Therefore, it can be postulated that certain biosepara-
tion technologies that are used in the preparation of
plasma products, such as precipitation, adsorption anc
filtration, may well be capable of removing significani
quantities of the abnormal prion protein associated with
nvCID. Indeed, the potential of these technologies for
the removal of TSE agents has been identified previously
in guidelines concerning the preparation of medicinal
products (CPMP, 1992).

Measurement of TSE agent partitioning

Most information on the partitioning of TSE agents has
been obtained from studies in which the behaviour a
rodent adapted scrapie agent '(PrP>‘) was measured.
Prp®¢ has similar biochemical properties to cCJD (Bend-
heim et al,, 1985) and has been accepted by Regulatory
Authorities as a suitable model for studies of the inacti-
vation and removal of BSE (Bader et al., 1998). nvCID
is believed to be the human form of BSE (Almond &
Pattison, 1997) and therefore PrPS° is also likely to be
regarded as a suitable marker for determining the parti-
tioning behaviour of the agent of nvCJD. Nevertheless, it
is by no means sure that data from animal model systems
are predictive for the human situation.

The transmissibility or infectivity of a TSE agent may
be influenced by the strain of agent used, the dose of the
agent, the route of administration and the presence or
absence of a species barrier. Most studies of the infec-
tivity of TSEs measure the dose that causes infection in
50% of the animals tested (IDsg), following inoculation

© 1999 Blackwell Science Lid, Transfusion Medicine, 9, 3-14

by the intracerebral route (i.c.). Intravenous (i.v.) admin-
istration is believed to result in a 10-fold reduction in
infectivity compared to the i.c. route, whiist a specics
barrier may result in up to a 10°-fold reduction in
infectivity (Bader et al., 1998).

To determine the partitioning behaviour of a TSE
agent across a preparative process or an individuzal p
step, measurements of the concentrate of infective
(IDsomI."") and the respective process voiumes can be
used to calculate a TSE agent reduction factor (RI%)
where

RF = total IDsq before processing
+ total IDsq after processing.

The same units of measurement are used in the numerator
and the denominator and therefore the RF is 4 dimen-
sionless number which, as values can be high, is often
expressed in the logarithmic (log;e) form.

Protein precipitation technology

The very low aqueous solubility of PrP>® suggests that
abnormal prion proteins will generally tend 1o partition
into the solids phase in a precipitation process and be
separable from proteins which remain in solutio
copurify with proteins which partition into the solics

Cryoprecipiration. The solids phase which forms wha
plasma is thawed is known as cryoprecipitate; it is where
the least soluble proteins tend to precipitate (i.¢. fi
fibronectin, factor VIII, von Willebrand factor
first stage in the overall fractionation pro

Some information concerning the pastitior
iour of TSE agents during cryoprecipitation
from the work of Brown et al. (1998) who ¢
infectivity from a mouse adapted strain of 2
Gerstmann - Striussier—Scheinker syndrome (GSS, wis
found to concentrate in the precipitate phasc E
infectivity about one order of magnitude greaier
precipitate than in the plasma from which it was pr
A similar observation has been reported by Det
(1698), using an immunochemical method of analy
who found that 90% of hampsier adapied Prp™ ¢
263K) added to plasma partitioned into cryoprecipit

Wiy @

Ethanol precipitation. The iso-electric pre
proteins in the presence of cthanol forms the basis o
cold-ethanol (Cohn) fractionation which is used in the
preparation of albumin and immunoglobulins. A number
of successive precipitation steps are employed, in w}
the least soluble proteins are precipitaled firsi and the
more soluble proteins being concentrated into later frac-
tions (Cohn et al., 1946). Brown er al. (19
teported that GSS infectivity partitioned preferentially
© 1999 Blackwell Science Ltd, Transfusion Medicine, Y, 3~ 14
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Table 1. Reducton of scrapie infectivity (IDso) by chromatographic separations

Scrapie reduction factor

unadsorbed - desorbed
Method Product Scrapie strain  fraction fraction References
Fon-exchange chromatography
DEAE-cellulose (anion) n/a* 2:5% lOlT 1x10% Hunter & Millson, 1964
Q-sepharose (anion)t plasma protein ME7 n/d* >2:5%10?
SP-sepharose (cation)f plasma protein ME7 wd 1-6x10*
Fesin [ (undisclosed) aprotinin ME7 wd 1:6x10° 'Kozak ez al., 1996;
Golker et al., 1996
Resin I (undisclosed) aprotinin ME7 n/d 1x10* Kozak ez al., 1996;
Golker er al., 1996
[on exchange (undisclosed) aprotinin 263K n/d 12x10°  Blum ef al., 1998
Ion exchange (undisclosed) bovine albumin 263K n/d 1-6x10°  Blum et al., 1998
Hydrophobic chromatography
Phenyl sepharosed plasma protein ME7 n/d >1.6x10°
ange + hydrophobic chrom,
E-spherodex/LS®
+ DEA-spherosil/LS® human albumin =~ CS06/M3 /d 31x10° Grandgeorge et al., 1997
Novspecific adsorpuon
Caleium phosphaic wa >1:5x10"" . 1.4x10%" Hunter & Millson, 1964

* =l netappiicable: a/d. not done. $ M. McNaughton & A. Shep

studicd using anion exchange chromato-
ay, cation exchange chromatography, hydrophobic
on chramategraphy, nonspecific. adsorption and
r of ion exchange procedures for which the details
not disclosed. The results, summarized in Table 1,
astrate removal of PrP*¢ infectivity by all of these
ocedures rangmy from 107-fold to 10°-fold reduction.

In their study of the Lowry process used to prepare
human growth hormone, Taylor et al. (1985) observed a
10-fold reduction in PrPS® (ME7) infectivity after filtra-
tion through a 0-45-um cellulose acetate membrane, even
gh the membranes were pretreated to prevent
puon. Taylor ¢f af. (1985) also noted that ‘substan-
! amounts of scrapic infectivity can be lost by adsorp-
a to membrane filters’, and therefore a similar degree
oval of abnormal prion protein might also be
ed to occur in comparable membrane filtration
zrations used in plasma fractionation.

Ixirapolation of existing knowledge to plasma
[fraciionation procasses

From data availahle on the behaviour of PrPSin a variety
of loprocess operations, it is possible to estimate how a

P

) unication, April 1997. t = approximation.

TSE agent might be expected to partition across similar
unit operations used in the preparation of pharmaceuti-
cal protein products from human blood plasma. Where
removal of a TSE agent by a particular plasma fractiona-
tion procedure is anticipated, a value for the reduction
factor has been assigned (Table 2) using conservative
values from a relevant study. For process operations not
listed in Table 2, it is assumed that abnormal prion profein
will copurify with the plasma product being prepared.

Precipitation. From the information available the causa-
tive agents of TSEs would be expected to partition into
the solids phase during protein precipitation operations.
Where the solubility of 2 TSE agent is zero and the product
protein remains in solution, separation of the product from
the TSE agent will be possible. The degiee of separation
achieved will be influenced by the effectiveness of the
technology used to separate the solid phase from the
liquid, with a greater. assurance of TSE agent removal
where two solid-liquid separation operations are carried
out in series (e.g. centrifugation followed by. filtration).

Adsorption/desorption. Studies concerning a number of
biopharmaceutical products have demonstrated that

© 1999 Blackwell Science Ltd, Transfusion Medicine, 9, 3-14

Table 2., Estimated ability of bioprocess
technologies to remove TSE agents

Process techinology

Precipitation

ion |

Other Cobn fractions

Other precipitation metiods

Adsorption cireimategraphy

Packed bed
Packed bed
Suspension

Adsorptive filtral:
Depth filter (
Depth filter (
Membrane filie

on

ixed bed)

prpse infectivity binds to a range of adsorbents, resulting
in its partial or complete removal from the manufacturing
process (Table 1). These data suggest that similar pro-
cedures in plasma fractionation processes should also be
capable of removing a TSE agent from the product

stream 1o a comparable extent.

In these circumstances the TSE agent reduction {acior
will be determined not only by the relative binding char-
acteristics of the macromolecules, but also by the unit

_capacity of the adsorbent and by the technology employed

for contacting the process solution with the adsorptive
media, with flow through a packed bed (column) bei g
expected to afford the highest degree of separation.

Separation of PrPS® occurred with all of the adsorbents
examined (Table 1), despite the use of different ligands,
matrices and principles of adsorption. Thercfore, the
outcome was not determined by a single well-dgefined
property of PrPS° (e.g. charge), but must have invoived
either a number of different properties which caused
PrP* to be adsorbed in all of these different circum-
stances, or some form of binding which was common to
all of these different methods.

If it is assumed that the reduction in PrP* (MET7)
infectivity by membrane fiitration observed by Taylor et
al. (1985) was a result of adsorption of the TSE agent to
the membrane, rather than removal by a sieving mech-
anism, then TSE agent removal would be expected to be
influenced by the chemical nature of the membrane.
Therefore, a TSE agent reduction factor (Table 2} has

" been assigned only to SNBTS membrane filtration sieps

(Fig. 1) where the chemical composition of the filier is
comparable to that used by Taylor et al. (i.e. cellulose
acetate),

-© 1999 Blackwell Science Ltd, Transfusion Medicine, 9, 3-14
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nplete removal of earlier solids
Cavier et al. (1985) were unable to
¢ the supernatant following preci-
witi hormone with 10% ethanol at
Lt of detection quoted was 0-5
3D mL T so it is possible that
¢ (ME7) could have been
undetected in solution.
wons apply to methods involving
1) as the reduction factor should
whetiier or not a separation can
¢l capacity of a process operation
i lorinierference by the TSE agent
1 o challenge a process step must
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1t either occupy adsorption
re available for the binding
matively, might provide specific
© that would not otherwise exist.
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ontamination of subsequent

behaviour of endogenous TSE agents in human plasma is
an important question. Brown et al. (1998) have reported
two partitioning studies, one using human blood spiked
with scrapie (263K) infected hampster brain and the
other using murine blood obtained from mice infected
with a strain of a human TSE (GSS). Comparable results
were obtained in the fractionation of plasma from each
experiment, indicating that the use of brain homogenate
reasonably represented the behaviour of an endogenous
TSE agent. Whether or not this finding will apply equally
to processes or experimental procedures other than
those employed by Brown et al. (1998) remains to be
determined.

To appreciate the significance of the magnitude value
of a reduction factor over an individual stage, it is
necessary to relate its value to the potential quantity of
the infectious agent that requires to be removed or inacti-
vated. For example, where there is a high concentration
of a virus in a plasma donation (e.g. HIV, HBV, HCV,
B19 parvovirus) then a relatively high degree of reduc-
tion (e.g. 10%fold) may be required over individual
process steps to assure product safety (Darling & Spaltro,
1996). However, where the concentration of the infective
agent is relatively low (c.g. TSE agents in plasma) then a
small degree of reduction may be significant (Brown,
1998).

Whether or not the individual reduction factors for
each step in a process (Fig. 1) can be added together to
provide a notional overall reduction factor across a com-
plete process (Table 3) is dependent on the properties and
state (e.g. degree of aggregration) of the infectious agent,
the principles of the separation technologies concemed,
the conditions at each step, the relative positions of dif-
ferent technologies within a process and other factors
which might limit the effectiveness or capacity of a par-
ticular step or technology (Hageman, 1991). For TSE

Table 3. Estimated TSE agent reduction

No. process steps contributing to TSE " Sum of for each SNBTS plasma product

agent reduction estimated

— TSE agent
Adsorption  Adsorption  reduction

Prec:ipuation - (gel) (filter) factors

3 1* 5 10"?

2 1* s 10°

! 3 - 107

: 2 2 10’7

i 2 2 10°

: 2 - 10

! 1 - 10°

* Step applicd

1 of plasma pools and discounted tn surnmation of reduction factors.
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agents, where different operating conditions are employed
in a series of successive steps, then each removal ste

1996). Where the same or similar step is used more tha
once, reduction factors may be additive if TSE
removal is limited by the capacity of the step, bu
where an equilibrium relationship (e.g. solubility of the
TSE agent) is limiting.

Much remains to be leamed concerning the physico-
chemical properties of TSE agents in general {Bdenkofer
et al., 1997) and nvCJD in particular. In the absence of
such data it is inevitable that uncertainty will exist over
the ability of particular process steps, either individually
or in combination, to fully remove any nvCJD agent which
may be present. In these circumstances the availability of
a number of process steps which would be expected ta
remove a TSE agent by different mechanisms will provide
a greater assurance of product safety than relia
either a single step or a single mechanism of removal.
fact that plasma products are manufactured via a number
of process steps which would be expected to operate in 2
complementary manner may be of particular importance
in this regard.

POSSIBLE nvCJD CONTENT OF PLASMA
PRODUCTS

In order to estimate the possible nvCJID content of &
plasma product it is necessary to first estimate the nv(JD
content of the starting plasma pool, secondly to ¢ ae
the quantity of nvCJD infectivity remaining after prc
ing and thirdly to consider how this material muy
distributed in the vials or bottles of the dispensed pr

To determine the quantity of nvCID infectivity
could potentially be present in a plasma pool, it is
necessary to know the dose of nvCID needed (o transinit
infection from human to human by intravenous or in'ra-
muscular administration, the number of infectious deses
present in the plasma of an infected blood donor and the
number of infected donations present in the plasma peol.

There are as yet no data available on the nvCID con-
tent (IDso mL ™) of human blood or plasma. However, as
nvCID is believed to be human BSE (Almend & Pattison,
1997), then bovine data probably rtepresent the hest
information currently avatlable for the purpose of estirnat-

35

nvCID. BSE was not detected in the blood or serur of
infected catle, by i.c. injection into mice (Kimberiin,
1996). However, the limit of detection in these stuciics

250001.c. IDsymL ™. Correction for the route of infu
(from i.c. to i.v.) could give a within-species infectivity
of blood of up to 2500 i.v. IDgymL ™",
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Table 4.. Theoretical esLim'atcs of the
quantity of nvCJD in products prepared
from pooled plasma where 0-15% of

Volume plasma In In dornations contain nvCJD
plasma product pool In final )
L pool* pre-dispensing vialt
2000 75x10°  75x107% 3.0x10!!
2500 9.7x10°  97x107% 34x1071!
1560 60x10°  60x10™ 3.8x107°
2000 75x10° - 7-5x107* 37%1077
Thrnmshin 3000 I1x10°  22x107% 1-9x107¢
Factor 1X .
HINFIX® 2700 1.0x10°  1.0x107} 1-2x10™*
Fibrmogen 2000 7.5%10° 7-5x10° 62x107°
Factor VIII
Liberate® 4000 15x10°  1.5x10° 9-2x1072
3000 FIx10° 11x10° 62X107" . gased on avCID infectiviey of 250 iv.
IDsomL™" in plasma from each infected
1000 3.7x10°  3.7x10° 3.7x10° donation (300 mL). t Assumes an even
: distribution of nvCID amongst all vials in a
1600 37108 37x10° batch of product. § Only about 2% of plasma

27x10' pool processed to thrombin. § Products

0%, a relatively high infectivity of nvCID in plasma (i.e.
2301.v. IDso mL7") and gencrally low values for the TSE
agent process reduction factors (Table 2).

lowever, these calculations also involved a number of
assumptions concerning process reduction factors that
were extrapolated {rom. a small number of studies that
were themselves based on animal model systems not
necessarily predictive for the human situation. Therefore,
it is inevitable that uncertainty remains over whether or
not there may be a risk of nvCID being transmitted by
any of the plasma products assessed. To obtain a more
certain estimate of risk it will be necessary to determine
the infectivity of the causative agent of avCID, its
prevalence in the UK blood donor population and the
effectivencss of plasma fractionation - processes in
removing TSE agents using appropriate measurements.

CONCLUSIONS

All of the available evidence concerning the properties
and behaviour of the causative agents of TSEs suggests
that a number of the bioseparations technologies used in
the manufacture of human plasma products should havea
poiential to remove the causative agent of nvCJD. For .

d in 1992 (Z8) and 1986 (NY).

each SNBTS product, the estimated potential for nvCID
removal involves processing by multiple unit operations
and different principles of separation, both of which
provide a greater degree of assurance than would be
obtained with reliance on either a single step or a single
mechanism of separation.

This assessment suggests that should there be a major
epidemic of nvCJD in the UK, then most SNBTS plasma
products prepared from plasma collected in the UK should
have a very low risk of being contaminated. Nevertheless,
many uncertainties remain and it will be. necessary to
establish the accuracy of these estimates-in appropriate
validation studies. Such studies should also indicate
whether or not adsorption or precipitation technologies
used in plasma fractionation could be exploited further to
provide an increased capacity for the removal of human
agents of TSE.

ACKNOWLEDGMENTS
I'am indebted to Dr Malcolm McNaughton and Ms Allsa

" Shepherd of Inveresk Research and to their client for

providing data from an unpublished validation study
of scrapie removal. I am also grateful to.Kirsty Glass
© 1999 Blackwell Science Ltd, Transfusion Medicine, 9, 3-14

and Druscilla Rodger for their skilled assistance in thc
preparation of this manuscript.

REFERENCES

Almond, It & Pattison, J. (1997) Human BSE. Naiure, 359,
437-438.

Bader, F., Davis, G., Dinowitz, M., Garfinkle, B., H
Kozak, R., Lubiniecki, A., Rubino, M., Schubert, D.,
M. & Woollett, G. (1998) Assessment of risk of s
Spongiform Encephalopathy in pharmaceutical pr
part 1. Biopharm, 11 (20-31), 56.

Baker, HF. & Ridley, RM., eds. (1996) Prion Discases
Humana Press, New Jersey.

Bendheim, P.E., Bockman, J.M., McKinley, M.P., Kingsbury,
D.T. & Prusiner, S.B. (1985) Scrapie and Creutzfeldt-Jakob
disease prion proteins share physical properties and an
determinants. Proceedings of the National Academ
Sciences of the United States of America, 82, 997~1001.

Bhattacharya, P., Bunch, C., Ngo, C., Gayleard, L., Hwanz, D..
Uemura, Y. & Heldebrant, C. (1996) Inactivation anc
removal of viruses during the manufacturing proc
human albumin. Haemophilia, 2 (Suppl. 1), 23.

Blum, M., Budnick, M.O., Chait, EM., Vaz, W.E., MacAuley,
C. & Rohwer, R:G. (1998) A bovine spongiform encep
pathy validation study for aprotinin and bovine
albumin. Biopharm, 11, 28-34.

Bolton, D.C., Bendheim, P.E., Marmorstein, A.D. & Potoir
A. (1987) Isolation and structural studies of the intact scr
agent protein. Archives of Biochemistry and Biophysics, 2
579-590.

Brows, P. (1995) Can Creutzfeldt-Jakob disease be trans:nitic.i
by transfusion. Curreat Opinion in Haematology, 2, 72—
477.

Brown, P. (1998) On the origins of BSE. Lancet, 352, 252-255.

Brown, P, Preece, M.A. & Will, R.G. (1992) ‘Friendly firc' in
medicine: hormones, homografts and Creuizfeldi-iskch
disease. Lancet, 340, 24-27

Brown, P., Rohwer, R.G., Dunstan, B.C.,, MacAuley, C.,
Gajdusek, D.C. & Drohan, W.N, (1998) The distribution of
infectivity in blood components and plasma derivatives in
experimental models of transmissible spongiform encephaic-
pathy. Transfusion, 38, 810-816.

Budhic_k, M.O., Cosenza, T.A. & Black, J. (1994) Clearance of
adventitious virus during bovine-albumin manufacture. Big-

pharm, 7, 32--37.

Burnouf, T. (1993) ‘Chromatographic removal of viruses from
plasma derivatives. Developments in Biological Standard;-
zation, 81, 199-209.

' Burnouf, T. (1995) Chromatography in plasma fractionation:

benefits and future trends, Journal of Chromatography Bio-
medical Applications, 664, 3~15.

Cohn, EJ., Strong, L.E., Hughes, W.L., Mulford, DJ.,
Ashworth, J.N., Melin, M. & Taylor, H.L. (1946) Preparation

-, - and properties of serum and plasma proteins 1V: a system for

the separalion into fractions of the protein and lipoprotcin

© 1999 Blackwell Science Ltd, Transfusion Medicine, 9, 3~ 14

blood and =l
Biclogics E




edia of Ch
1 Wiley,
B, Melntos

cmical Technology, 4th
s York.

R.V. & MacLeod, A.J.
L trates. In: Hemophilia
ledort, L, Madhok, R.), 307-332.
Medical, London

i, MUAL Fletterick, RJ. & Prusiner, R.B.
wrion of the secondary structure of the scrapie
tions that aiter infectivity. Proceed-
wiemy of Sciences of the United States

zel. K.H., Gilles, R, Stadler,
M.H,, Calcagni, C. &
e infectivity of scrapie
nufacturing process of
03-11
oux, J.M., Tayot, J.L. &
oving unconventional
solution. International
September.

. BE. (1997) Antigenic
of sheep and of other mammalian
wiogical Merhods, 207, 89-101.
1) Ananalysis of ciearance factor measure-
by spiking experimients. Biopharm, 4,39-41,
M., Ironside, J. & Collinge, J. (1997)
dt—Jakob disease by

v vanant Cren
349, 99-100.

. L.F. {1976) Hepautis B virus and
Proceedings of the Workshop on Albumin;
in and Weifare: publication no. (NIH)
February 1975, 305-314. DHEW,

G.C (196 Studies on the heat
behavicur of the scrapie
logy, 37, 251-258.

:ziform encephalopathy
blems and solutions in assessing
acute Spongiform Encephalo-
iz Court, L., Dodet, B.), 487-502.

{1996) Transmissible
rimising the risk of
eutical products: an
n Biological Standard-

: sistent viremia and
ris in Iow-density lymphocytes.

n zfeldt—Jakob disease
a. Lancei, 350, 1740.
Kenagz, L., Rahbar, F., Cotter,
. S.B. (1991) Scrapie prion rod
rgent extraction and

MLP, Maye

van, A& Pru

non vilko equires botk

Meltzer, T.H. (1987) Filtration in the Pharmaceutical Industry.
Marcel Dekker Inc., New York.

Meyer, RK., McKinley, M.P., Bowman, K.A., Braunfeld,
M.B., Barry, R.A. & Prusiner, $.B. (1986) Separation and
properties of cellular and scrapie prion proteins. Proceedings
of the National Academy of Sciences of the United States of
America, 83, 2310-2314.

Pennell, R.B. (1957) The distribution of certain viruses in the
fractionation of plasma. In: Hepatitis Froniers (eds Hart-
man, F.W., LoGrippo, G.A., Mateer, J.G., Barron, G.), 297-
310. Churchill, London.

Petteway, S.R., Lee, D, Stenland, C., Ford, L., Hartwell, R.,
Rubenstein, R., Kascak, R. & Fournel, M. (1998) Application
of a western blot assay to the detection of PrP*=S partitioning
during selected plasma fractionation process sicps. Haemo-
philia, 4, 166. .

Prusiner, S.B., Groth, D.F., Cochran, S.P., Masiarz, FR.,
McKinley, M.P. & Martinez, HM. (1980) Molecular proper-
des partial purification, and assay by incubation period measure-
ments of the hamster scrapie agent. Biochemistry, 19, 48834891,

Ricketts, M.R., Cashman, N.R., Stratton, EE. & Elsaadony, S.
(1997) Is Creutzfeldt—Jakob disease transmitted in blood.
Emerging Infectious Diseases, 3, 155-163,

Rider, J.R., Winter, M.A., Payrat, IM., Mathias, JM. &
Pamphilon, D.H. (1998) Leucocytes can be eliminated
from plasma by filtration prior to viral inactivation with
methylene blue. Vox Sanguinis, 74, 209-210,

Rohwer, R.G. (1996) The management of risk from exposure of
biomedical products to the spongiform encephalopathy agent
(8). In: Transmissible Subacute Spongiform Encephalo-

pathies: Prion Diseases (eds Court, L., Dodet, B.), 471

'478. Elsevier, Paris.

Scottish Centre for Infection and Environmental Health, (1998)
Monthly surveillance figures for Creutzfeldt—Jakob disease.
SCIEH Weekly Report, (6 October), 32, (98/40):1.

Stahl, N., Borchelt, D.R. & Prusiner, S.B. (1990) Differential
release of cellular and scrapie prion proteins from cellufar
membranes by phosphatidylinositol-specific phospholipase
C. Biochemistry, 29, 5405-5412.

Taylor, D.M. (1996) Transmissible subacute spongiform ence-
phalopathies: practical aspects of agent inactivation, In:
Transmissible Subacute Spongiform Encephalopathies: Prion
Diseases (eds Court, L., Dodet, B.), 479-482. Elsevier, Paris.

Taylor, D.M., Dickinson, A.G., Fraser, H., Robertson, P.A.,

Salacinski, P.R. & Lowry, P.J. (1985) The preparation of '

growth hormone free from contamination with unconven-
tional slow viruses, Lancet, ii, 260—262.

Turk, E., Teplow, D.B., Hood, L.E. & Prusiner, S.B. (1988)
Purification and properties of the cellular and scrapie haroster
prion proteins. European Journal of Biochemistry, 176,21-30.

Warden, J. (1998) UK blood products are banned. British
Medical Journal, 316, 726,

Will, R.G., Ironside, JW. Zeidler, M., Cousens, S.N.,
Estibeiro, K., Alperovitch, A., Poser, S., Pocchiari, M. &
Hofman, A. (1996) A new variant of Creutzfeldt-—Jakob
disease in the UK. Lancet, 347, 921-925.

© 1999 Blackwell Science Ltd, Transfusion Medicine, 9, 3-14

transmissii:

P. Brown, R.G. Rohwer, 5.C

BACKGROUND: The administraticn ¢!
nents from donors who subseguently
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MATERIALS AND METHODS *
High input infectivity (“spiking”') experiment
Preparation of material used in spiking experiment. One
helf of each brain from two terminally ili golden Syrian
hamsters that had been infecied with the 263K strain of
scrapic agent were combined (total 1.0 g wet tissue) and
minced into very fine [ragments. The fragments were then
suspended in 9 mL of phosphate-buffered saline (PBS) at
phi 7.0 containing 0.025-percent trypsin and 0.05-percent
EDTA, and incubated with constant stirring at 37°C for 30
minutes to disperse cells. Residual fragments were resus-
pended and similarly incubated in fresh trypsin-EDTA so-
lution. No fragments rernained after the second trypsiniza-
" tion, and the poaled peilets from each specimen (following

centrifugation at 500 x gfor 15 min) were washed two times
in50mLof PBS. The final washed pellet contained 1.6 x 10°
neuronal and giial cells, of which 93 percent were viably
intact as evidenced by failure 10 stain with trypan blue, and
contained 8.1 meanlethal dose (log, /LD ) infectious uits
as deterrmined by endpoint diiution assay in hamsters. The
peletwas resuspended in46.86 mL ofnormal whole human
bleod containing CPD {United States Pharmacopoeia) atan
anticoagulant-to-blood ratie 6f 119

Separation of blood into its components. A scaled-
down version of the “threc-hag” protocol used by the
American Red Cross was used for component separation.
Anticoagulated v tioodwas centrifuged (Sorvall SS-34
rotor, DuPont Medical Products Clinical Diagnostics,
Wilmington, DE} at 4300 rpm (2280 x g) for 4 minutes at
ambient temperature. The supernatant plasma was care-
fully withdrawn by pipette down to the edge of the buffy
coat overlying the red cell sediment, uansferred to a new
50 mL tube, and centrifuged 20 5800 rpm {4200 x g) for 8
minutes at ambient temperature. The supernatant plasma
was pipetted into a new tube, leaving behind a very small
sedimented pellet, Without disturbing their contents, all
specimens were frozen intact at -70°C. While frozen, the
buffy coat layer overlying the red celf sediment was sliced
apart and combined with the pellet from the plasma cen-
trifugation step to vieid a single white cell and platelet
specimen for assay.

Cohin fracdonation of plasma component. Fraction-

ho!

ation was carried out in a scaled-down version of a proto-
col in wide commercial use® and yielded a protein profile
sirnilar to that of the production-scale process. Approxi-
mately 10 mLofplasma was tansferred from -70°Cto -20°C
for overnight “tempering,” then cxposed 0 a final 30-
nside a S0-mljacketed reaction beaker con-

minute thaw
nectedtoare
thewed plasma : 110 a weighed, cold, 15-mL
centrifuge tube and centrifuged at 6900 rpro (5600 x g) for
15 minutes at 1 0 2°C. The pellet was weighed and then
3

frozen at -70°C {cryoprecipita
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The supernatant was again placed into the reaction
beaker-circulating bath apparatus set at 1 to 2°C, and the
pH was adjusted to 6.65 to 6,70 with acetate buffer, pH 4.0,
(10.9 g sodium Acetate, 24 g glacial acetic acid, 71 mL wa-
ter). Slowly, over a period of 1 hour, repeated small amounts
of cold 95-percent ethanol were added to achieve a final
ethanol concentration of 20 percent, After addition of one
half of the ethanol, the pH was verified to be inrange 0f6.80
to 7.00, and the circulating bath temperature was lowered
from 1 to 2°C to -5°C. The plasma-ethanol mixture was
transferred to a weighed, cold centrifuge tube and.centri-
fuged at 6800 rpm (5600 x g) for 15 minutes at~5°C. The pel-
let was weighed and frozen at-70°C (fraction [+II+III).

The supernatant was again placed into the reaction
beaker-circulating bath apparatus set at -5°C. The pH was
adjusted to 5.16 to 5.22 with acetate buffer in 20-percent
ethanol, pH 4.0, and then further adjusted to a final pH of
5.75with 1 M NaHCO,. Slowly, over a period of 1 hour, small
quantities of cold 95-percent ethanol were added to achieve
a final ethanol concentration of 40 percent and a final pH
0f5.92 to 5.98. The plasma-ethanol mixture was transferred
to a weighed, cold centrifuge tube and centrifuged at 6800
rpm (5600 x g) for 15 minutes at -5°C. The pellet was
weighed and frozen at-70°C (fraction [V,/TV).

The supernatant was placed into a tube containing 2
mg of filter aid per mL of supernatant, mixed, and filtered
through a 20-mL syringe containing a filter (CPX70, Cuno,
Meriden, CT). The filtrate was placed into the reaction bea-

_ker-circulating bath apparatus set at -5°C. The pH was ad-

justed to 4.78 to 4.82 by slowly adding acetate buffer in 40-
percent ethanol, pH 4.0. The plasma mixture was placed
into a weighed, cold centrifuge tube and centrifuged at 6800
rpm for 15 minutes at-5°C.The pellet was weighed and fro-
zen at-70°C (fraction V). The supernatant was also frozen
at-70°C {fraction V supernatant), . .

Infectivity bioassays. On the day of the test, specimens
(inoculurn, whole blood, blood components, and Cohn
fractions) were thawed, serial 1-in-10 dilutions were made
in PBS (pH 7.4), and specimens were inoculated intracere-
brally in volumes of either 30 uL (for components) or 50 uL
(for fractions) to groups of 4 to 8 female weanling hamsters
per dilution. Two cages of uninoculated hamsters served as
“sentinels” to monitor laboratory cross-contamination.
Animals were observed for 8 months, and the brains from
arandom sampling of clinically positive animals in all high-
er dilution groups were examined to verify the presence of
spongiform neuropathology. None of the uninoculated sen-
tinel animals showed clinical or neuropathological signs of
scrapie.

Using the method of Reed and Muench,*log,, LD, in-
fectivity titers were calculated except for the plasma speci-
men, for which infectivity was estimated comparing its in-
cubation period curve to that of whole blood at dilutions

10! through 10+ (the highest dilution of plasma that was .
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inoculated). This estimate makes use of the invers:
tionship between the amount of infectivity and the
of the incubation period (the greater the infectiv
shorter the interval between inoculation and disce
type of “dose-response” cuive. Although not as prec.
anendpoint dilution titration, it is reassuri:
blood, red cell, and buffy coatspe
identical endpoint dilution titers,
superimposable incubaticn period curves, and iha:
plasma curve was parallel to the whole blood curve ot -
log,, unit lower level.

Endogenous infectivity experiment

Experimental model. Weanling Swiss-\Webster
(Charles River Laboratories, Wilmington, MA) were it
lated intracerebrally with a 10-percent clarified hon
nate ofamouse-adapted Fukuoka-1 strain of human
Gerstmann-Straussler-Scheinker disease (GSD).5%
mice began to show symptorms of disease (approx. 4 mon
after inoculation), they were lightly anesthetized and -
by open chestdirect cardiac puncture into CPD contai
5 units of heparin per mL blood 10 counteract the ur
ly strong clotting tendency of mouse blood. Atthe t
exsanguination, brains and spleens were also removed
each animal; tissue pools of cach organ were made 1o
separate 10-percent tissue suspensions in PUS for infoo

ity titrations performed at the same time as those fo- .

blood specimens.

Collection and processing of blood specimens. &
tal of 7S mice yielded a pooled sample volume of 52 10, - &
mL of blood and 7 mL of citrate containing 225 un'.
heparin). The blood was immediately separatedinio i =
cell, white cell-platelet, and plasma compenents, § :
~70°C. A portion of the plasma was later thawed a
cessed into Cohn fractions, as described in the spi
periment. The only difference was that, in this exper
we did not combine the buffy coat layer ofthe red cell =
ment with the cenuifuged plasma pellet, choosing inste
to assay the two specimens separately.

Infectivity bioassays. All specimens were inoculs
intracerebrally in 30-uL volumes into groups of wea:
Swiss-Webster mice, and two cages of uninoculated
nelanimals were included as cross-contamination cont
Because of anticipated low or undetectable infectivi
els in most specimens, this experiment was conducte
facility that had never been used for TSE experiments,
specimens were inoculated into groups of up to 130 7
Undiluted inocula proved to be highly toxic, causing
instantaneous death that was probably due 1o a comn
tion of high osmolarity, anticoagulant, and {in the cds-
Cohn fractions) residual alcohol; ditutions of t-in-4 to !
5 were well tolerated and were therefore used for mos
oculations. Serial 1-in-10 dilutions were inoculatec |
specimens expected to have higher infectiviy titers, ¢
as brain, spleen, and the white celi-platelet campone::
blood,
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tivity amang blood components and Cohn

s in nocmal human blood “spiked” with 10%4 LD, of
contained in a trypsinized suspension of viable brain
5 msrmfi:;tr::j with tha 263K strain of scrapie agent*

Total Fraglional
n infectivity recovery of
‘mtorg) (log, LDt infectivity(%)t
9.3 x 109 100
2.0 x 10° 22
6.3 x 108 7
3.0 x 10% 3
1.4 x 10° 100
1.0 x 108 0.7t
1.2 x 10°® 0.86
8.7 x 10° 0.006
0.5 x 10° 0.0004

L ation of healthy weanling hamslers.
component compared to the amount of
it of infectivity in the fraction compared
ssed for fractionation. Note that because
tion between any two specimens are
1ages could be correspondingly higher

min}. .
eriod lime curve to that of whole blood

s 2 groups of four hamsters inocutated with

appearance” could have been due to
the imprecision of the bioassay
(£0.5 log,, variability of LD, titers),
and some couid have resulted from
adherence of infective particles to
containers used for experimental
manipulations. It is also possible that
some infectivity was lost as a result of
Cohn fractionation, although low pH
and ethyl alcohol by themselves have
previously been shown not to inacti-
vate the agents of TSE."#

Endogenous blood infectivity in
TSE mouse model

From clinically ill mice that had 4
months earlier been inoculated in-
tracerebrally with a mouse-adapted
strain of human TSE, specimens of
buffy coat, plasma, cryoprecipitate,
and Cohn fraction [+1{+1 transmitted
disease to a fewanirnals, butno trans-
missions occurred from whole blood,
red cells, or Cohn fractions IV and V

(Table 2).

TABLE 2. Infectivity in blood components and plasma fractions processed
from the poalied blood of 75 mice experimentally infected 4 months earlier
with a mouse-adapted strain {Fukuoka-1) of Gerstmann-Straussler-
Scheinker disease*

Proportion of

Specimen specimen Specimen  Positive  Negative
vol (orwt) inoculated (%)t dilution  animals} animalst
450 mL 0.15 1-in-5 0 i
Red cells 18.0 mL 0.22 1-in-5 0 7
Gutfy coat§ 3.5 ml 2.3 1-in-5 2 10
1-in-50 0 6
Plasma peliety 02mbL 60 1-in-6 4 19
1-in-60 [V 10
riasmall 22.6 mL 3.5 1-in-5 8 124
1-in-80 0 10
FFractionated plasma (11.3 mi)
Cryoprecipitate 0.15¢g 29 1-in-4 5 6
1-in-40 1 3
Fraction I+l1+Il 0.40¢g 37 1-in4.5 [} 37
Fraction IV +IV, 0.86¢g 38 1-in-4 0 86
Fractlon V 1229 30 1-in-4 0 94

-+

wn

cluded from he table.

=

Specimens were assayed by intracerebrai inoculation of healthy weanling mice.
Amount of inoculated specimen divided by the amount contained in the 45-mL volume of
whole blood (taking into account the volume and dilution of each inoculated specimen;
diution of anlicoagulant; and for fractions, the fractionated plasma volume).

Confirmed by Westem blot tests for PP in brain extracts. Sixteen animals inocutated with
nigher dilutions of the plasma peliet, fraction [V, and fraction V, tesled negative.

Siicad from top § mm of red cell sediment frozen after centrifugation of whole blood. The
amount of infectivity may be greater than shown, as several more animals that died at
about the same time as the positive animals were not tested for PrP and were thus ex-

Peliet after plasma centrifugation for 8 minutes at 4200 x g (see Methods).
|| Supernatant after plasma centrifugation for 8 minutes at 4200 x g (see Methods).
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The presence of infecti
specimens of buffy coatand the ¢
probablyreflects the presence o
mens, but raises the possibiliny

white cells might contain the inieciing -

blood and red cell specimens does
ofinfectiviry (which would be un
presence inbuffy coatand plasima;,
proportions of these specimens we:
necessity of using diluted inocul
brains and spieens collected from o
infectivity titers of approximately
LD, per g respectively, similar to ¢
lier experiment using the same mous:

DiscussicH

Several earlier studies of TSE have
component of whole blood specirmaons
infectivity, with conflicting results:
were from buffy coat, but in a fer
tracted bload, and serum or con
found to be infectious; and no infect
nearly half of such studies (inciu
of sheep naturally infected with s
mates inoculated with blood from
None of these studies examined
tivity in different blood componert.
and none examined infectivity in t
representanintermediate stagébetw Lo
therapeutic plasma protein concento: ..

Experimental design consideration=
The primary goals of these experi:
the effect of a standard protocoi
plasma fractionation in blood con
level of infectivity to permit an est
-which processing caused a 1educti
clearance) and provide an idea of
much lower levels of endogenous i
expected to occur in the blood of
animals.

No single experimental design
tions. For clearance studies, a much i
dvity is needed than occurs in the bicod
infected animals to measure serial infe
successive processing steps. Scra;
brain satisfies this condition of hizh :
choice of trypsinized and washe
based on evidence that blood infect:
associated,! and thus, insofar as co
fected cellsrepresenta more appre
than eitherinfectious tissue homoge
free PrR We could not know in acvasie
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cel - assoclated rather than cell-free origin, but further work
necds to be done te iesaive the issue.

Infectivity estimates and risk assessment

What might be the fikely limits of infectivity in the plasma
nt with CJD7 For this speculative calculation, we
car. rcazon as follows: ir cach of the assay mouse transmis-
slons tesulied from a single infectious unit, which seems
likelyinview of the ropoition of positive to inocu-
filution and the absence of
in-50 dilution, then the number of
obsen {8) multiplied by the reciprocal of
the percentage of piasma inoculated (100/3.5) predicts the
nunberof infectious units {(230) that would have been ob-
servedifall 22.6 ml ma had been inoculated. Thus,
the mouse plasma contained approximately 10 infectious
units per mL. Similzr calculations yield infectivity estimates

fa pat

lated animals in th

transmissions in the

per mbolpro
cryoprecini unitin fraction I+1T+11L
Ifthe iC 1L of plasma are consid-
credasa e afin applicable to both Hu-
mans and stand mL blood donation
asma) would contain about
2500 infe 5. intravenously inoculated
pla;ma SpCCimen wWeit iy

{containing

4 100th as lixely to produce
infection as theintracerebral inoculation assay used in this
experiment,’? the consequent estimate of 25 infectious
units still scems far toc hinview of the fact that no case
tinked to the administration of blood
7 [t is possible that peripheral routes
ficient than supposed, or that
low number of infectious
units inlarge donor poois into playin further reduc-
; e transmission.
mediate practical importance is the
hich plasimia products deserve the most attention
ion of C/D. Ourresults
transmission would be com-
: pitate and fraction I+I+IT
than for fractions | 1V Albumin, made from fractionV,
is an especiaily important product because it is used as an
izer in other plasma protein concen-

1s non-niasma-derived biologicals,
varied as vaccines, injectable diag-
wonic cultures for in-vitro
om therearly 5log,, re-
" as compared to plasma
¢ absence of fracion V
i, the risk of contracting
:ust be extremely low.

cr blood products.
of infection are even |

Bievehicies fort?

suygest that the po

exvipient and s

rates, aswellasinn
inciuding products
nostic radioloygy

fer

CONCLUSIONS

Thedistribution cfblead infectivity in two different experi-
mental models of TSE—one using an infectious cellular

BLOOD INFECTIVITY IN SPONGIFORM ENCEPHALOPATHY

spike of normal blood and the other using blood from ex-
perimentally infected mice—confirmed the previously
demonstrated association of infectivity with buffy coat. An
unexpected finding was the presence of infectivity in
plasma, which may have resulted from the imperfect sepa- -
ration of cells and plasma in the course of a standard cen-
trifugation separation protocol. Cohn fractionation of the
infectious plasma furtherreduced its infectivity to verylow
or undetectable levels.

The levels of infectivity demonstrated in these model
studies may not be fully representative of the actual risk of
disease transmission from human blood components be-
cause; 1) blood from a CJD patient included in a donor pool
will contribute orly a minute proportion of plasma to the
pool, which is usually made up from as few as 6000 to more

_than 100,000 donors'®; 2) many therapeutic protein concen-

trates are derived from plasma fractions processed through
chromatography columas that are known to adsorb (al-
though not inactivate) TSE infectivity**%%; and 3) plasma
products are administered via intravenous and parenteral
injections, which have been shown to be comparatively
inefficient routes of TSE disease transmission.'

Qur results represent only the beginning of a rational
approach to an assessment of the tisk, if any, of acquiring
CJD from the administration of blood components or
plasma products. Among urgendy needed additional pieces
of information are answers to, the following questions: 1) is
there a similar amount and distribution of blood infectiv-
ity in'the preclinical stage of disease (when humans would
usually be donating blood)?; 2) is the infectivity present in
plasma the result of contamination by white cells.or white

cell debris (special interest in white cells comes from the

demonstration that B cells are important for neuroinvasion

‘and clinical infection®)? 3) can the low levels of endog-

enous blood infectivity detected by intracerebral inocula-
tion of assay animals also be detected by intravenous or in-
tramuscular inoculation (the routes by which most
therapeutic blood products are administered)?; 4) will such
infectivity, if present in Cohn fractions, be carried through
the additional processing steps used to produce therapeu-
tic end products?; and finally, 5) does “new variant” CJD
have the same biological characteristics with respect to
blood infectivity as other types of TSE?
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Background and Objectives Although there is no epidemiological evidence to suggest
that classical Creutzfeldt-Jakob disease (CJD) is transmitted through bloed or blood
products, the variant form (vCID) has been implicated in transmission via packed red

tiood cells. The potential threat of the infectious agent contaminating plasma pools

fias led to manufacturing processes being examined for capacity to remove prions.
The objective of these studies was to examine the prion-removal potential of the
chromatographic purification and ethanol precipitation steps used to fractionate

inununoglobulins and albumin from human plasma.

Materials and Methods Western blot assay was used to examine the partitioning of
proteinase K-resistant scrapie prion protein (PrP*) over DEAE Sepharose, CM Sepharose
and Macro-Prep High Q chromatographic columns, utilizing microsomal scrapie
263K spiked into each scaled down feedstream and assayed after each chromato-
graphic step. In further studies, bioassay in C57 black mice was used and spikes of
10000 g clarified brain homogenate of scrapie ME7 were added to feedstreams before
sequences of scaled down chromatographic or Cohn fractionation process steps.

Results The microsomal spiking study with Western blot detection demonstrated
substantial partitioning of PrP** away from the target proteins in all ion exchange
ciromatographic steps examined. The log,, reduction factors (LRF) across DEAE
Sepharose and CM Sepharose columns for albumin were > 4.0 and 2 3.0 respectively.
The reductions across DEAE Sepharose and Macro-Prep High Q for intravenous
rmunoglobulin were 3.3 and 2 4.1 respectively. Bioassay demonstrated LRFs of 2 5.6
across the combination of DEAE Sepharose and CM Sepharose columns in the albumin
process and 2 5.4 across the combination of DEAE Sepharose and Macro-Prep High
Q columns in the intravenous immunoglobulin process. Bioassay studies also

drmonstrated a LRF of 2 5.6 for immunoglobulin preduced by Cohn fractionation.

Conclusions Using rodent-adapted scrapie as a model, the studies indicated that jon
cxchange chromatography, as well as Cohn immunoglobulin fractionation have the
poiendal to effectively reduce the load of TSE agents should they be present in plasma pools.
Taule of Contents lon exchange columns used for production of human albumin and
irununoglobulins, as well as Cohn immunoglobulin fractionation, effectively reduce
tie load of TSE agents should they be present in ptasma pools.

Key words: bioassay, chromatography, prion, scrapie, transmissible spongiform
cncephalopathy, Western blot.
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Experiments using microsomal 263K spiking and
Western Blot assay

Preperation of microsomal inocudum

Brain homogenate from hamsters without disease, or in the
late clinical stage of infection witiv hamster adapted scrapie
{strai: 263K}, was used to prepare a microsomal fraction as
deseribed {21]. Briefly, crude brain honiogenate (10% wt/v) was
prepared by Dounce homogenization of brains in phosphate-
buflered saline (PBS). This was pelleted at 10 000 ¢ for 7 min
to remove m unbroken cells and mitochondria. The
microsones remaining in the supernatant were then pelleted
by centrifugation at 100 000 g for 90 min, followed by resus-
pension in PBS

DEAE Sepharose chromatography

D ated and cuglobulin (non-1gG globulins)-depleted
Supernatant 1 (SH1) vwas obtained from the production plant,
and 125 mlwas ‘spiked’ at 10% v/v with microsomal control
orserapic 263K and sampled (Fig. 1), DEAE Sepharose™ Fast
£l {DEAL Scpharosc) was obtained from GE Health-
sciences, Uppsata, Sweden. A 17-5 ¢m bed height columnavas
equilibrated with 10 mw sodium acetate (NaAc) at pH 5-2,
and one-third of the spiked material was loaded. Following
loading, the calumn was washed with 10 mum NaAc buffer and
protein clution was monitored by ultraviolet {UV) absorption
at 280 nm. The non-retained crude immunoglobulin was
coilected until the onsct of the second peak, in which
transferrin was cluted.

The 10 mu NaAc wash was continued until the elution of
the transferin peak was complete. Albumin was then eluted
with approximately 25 column volumes (CV) of 25 mm NaAc
buffer, The columin was regenerated with 2 CV of 150 mm
Madc, pl 4:0, The loading and elution cycle was repeated a
further two times 1o load the entire starting volume as per the

Supernatant [ or
column intermediate

263K inoculum T
M Sample
‘column load®
DEAE, CM or
Macro-Prep
chromatography

v
Sample al!
cluate fractions

Fig. 1 Flow diagram sho
cotunmn i 263K PrE< o e diagram appiies to cach of the
chromatography ¢aiunins, a3 they were cach spiked separately.

g spiking points and sampling points for each

production process, before regeneration and sanitization in
reverse flow with 1 CV of 0:5m NaCl, 1 CV of { M NaOH and
2:5 CV of 150 mm NaAc. All corresponding peak fractions
from each cycle (other than the 1 M NaOH eluate) were pooled
and assayed by Western blot.

CM Sepharose chromatography ’

CM Sepharose™ Fast Flow (CM Sepharose) was obtained
from GE Healthsciences, Uppsala, Sweden. A 17:5 cm bed height
column was equilibrated with 25 mm NaAc {pH 4-5). Pooled
crude albumin from the DEAE Sepharose column was
obtained from the production plant, and 150 m! was spiked
at 10% v/v with microsomal control or scrapie 263K After
sampling, one-third of the volume was loaded onto the
column, and then flushed with 1-8 CV of 25 mm NaAc to elute
the unbound proteins, Albumin was then eluted with approx-
imately 3 CV of 110 mm NaAc buffer. The column was regen-
erated with 1-5 CV of 400 mm NaAc pH 8:0. The loading and
elution cycle was repeated a further two times to load the
entire starting volume as per the production pracess, before
the column was regenerated and sanitized in reverse flow
with 1 CV of 05 M NaCl, 1 CV of 1 m NaOH and 2-5 CV of
150 mm NaAc: All corresponding peak fractions from each
cycle (other than the 1 m NaOH eluate) were pooled and
assayed by Westem blot.

Macro-Prep chromatography

Macro-Prep High Q (Macro-Prep) gel was obtained from
Bio-Rad, Hercules, CA. A sample of non-retained crude IgG
solution from DEAE Sepharose was obtained from an actual
production process and 100 ml was spiked at 10% v/v with
microsomal control or scrapic 263K. The pH adjusted crude
1gG solution was loaded onto a 17:5'cm bed height column
that had been equilibrated with 6 CV of 10 mm NaAc, pH 6-2:
Two CV of 10 mm NaAc pH 6:2 were used to elute the non-
retained immunoglobulins from the column. The column was
regenerated with 2 CV of 1-0m NaCland 2 CV of 1:0 M NaOH.
All column cluates {other than the 1 M NaOH cluate} were
assayed by Western blot.

Western blot

Samples were ultracentrifuged at 150 000 g for t h and the
pellet was resuspended in a minimal volume of PBS prior to
digestion with proteinase K (Roche, Mannheim, Germany)
at 250 pg/ml for 1 h at 37 °C. Digestion was terminated by
1:1 addition of sample buffer (125 mm Tris-hydrochloric
acid, 20% v/v glycerol pH 6-8, containing 4% wjv sodium
dodecylsulphate, 5% v{v 2-mercaptoethanol), then boiled for
3 min. Samples were run on 12% polyacrylamide gels
(Bio-Rad, Hercules), and transferred onto Immobilon P
(Millipore, Billerica, MA). Membranes were blocked with
PBS/Tween 20 (0-05%) containing 5% skim milk and were
probed with monoclonal antibody (MAb) 3F4 (Signet

© 2006 Blackwell Publlshing.l.zd. Vor Sanguinis (2006} 91, 292-300

Laboratories, Dedham, MA) at 1/10 000 for 1 h. Rabbitanimouse
secondary antibody conjugated to horseradish peroxidase
(Sigma-Aldrich, St Louis, MQ) was used at 1/1000 for 1 h.
Blots were developed with ECL reagents (GE Healtheare,
Uppsala) and were visualized on Hyperfilm M (GE Healthcare,
Uppsala).

After Western blot, the dilution was recorded at which
PrP* could no longer be detected. If PrP* could not be
detected in the neat sample, the total PrP* (logo} reduction
was recorded as ‘<’ The formula used to calculate the number
of units of PrP* was: reciprocal of the end point dilution of
the sample x the total fraction volume in inl x correction
factor applied to control for concentration of the sample
following ultracentrifugation. Scrapie reduction was
calculated by dividing the total scrapie in the spiked starting
material by the total recavered scrapie. Variability of the
data could not be assessed, as one Western blot was run per
sample.

Experiments using bioassay with ME7 spike

Scrapie inoculum

Scrapie ME7 was incubated in C57 black mice, and brains
were harvested from mice in the late clirical stage of infection.
The brains were homogenized in PBS at 10% wt/v using &
Duall issue grinder (Kontes, Vineland, NJ), and the homogenate
was centrifuged at 10 000 g for 30 min to remove ccllular
debris {17].

Chromatography

All chromatographic conditions described for the Western
biot study were replicated for the bicassay study; however
columns were run séquentially without intermediate spiking
{Fig. 2). De-lipidated and eugiobulin-depleted SNI was
obtained from a production batch and was ‘spiked’ with
clarified brain homogenate from conuol mice or ME7-
infected mice to give a final spike concentration of 3:3% v/
v. Far the TSE spiked run, sample ‘ME7 spiked SNI" was taken,
and 133 ml of the material was separated on DEAE Sepharosc.
The albumin and immunoglobulin-containing peaks from
each cycle were pooled with the corresponding peaks from
each of the three cycles and were further processed on (A
Sepharose or Macro-Prep.

The pooled crude albumin was foaded onto a CM Sepharose
column. The purified albumin peak cluted from each cyciz
was pooled with the corresponding peak from the other cycics
and was concentrated 10-fold with a Pellicon XL 30 kDa
polyethersulphone membrane (Millipore, Billerica), and the
sample ‘ME7 Albumin’ was taken for bicassay.

Crude 1gG eluate from the DEAE Sepharose columr wa
loaded onto the Macro-Prep coluran, and the eluted pure
concentrated and diafiltered using a 30 kDa regeneratcs
cellulose YM30 ultrafilration mrembrane (Millipere, Rillerica).

© 2006 Blackwell Publishing Ltd. Vor Seuguinis (2006) 91, 292-300
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material (24).

Resuits

Scale~-down validity

Protein intermediates from control runs showed that the processes
were scaled down accurately and were representative of
production prdccsses with regard to protein purity, concentra-
tion and chemical composition. Chromatographic profiles as
shown for the scrapie ME7 spiked scale-down runs accurately
represented those obtained from the industrial-scale production
process [25]. All buffers and column eluates achieved the same
HETP, pH, and conductivity limits as production processes.

Experiments using microsomal scrapie 263K with
Western blot detection

Log reduction factors and recovery of PrP*° are shown for the
ion exchange columns used for the production of albumin
and [VIG (Table 1). All eluate streams from the columns were
assayed for Prp% using Western blot. Substantial partitioning
of PrP* away from the target proteins was achieved in all ion
exchange steps examined., The log reductions across the
DEAE Sepharose and CM Sepharose for albumin were 2 4-0
and 2 3-0, respectively. The log reductions across the DEAE
Sepharose and Macro-Prep forimmunoglobulin were 3-3 and
2 41, respectively.

Summation of ail the PrP* recovered from all eluates of
each column shows that the overall percentage recovery of
PtP* for the DEAE Sepharose, CM Sepharose and Macro-Prep
columns are < 0-34, < 1-84 and < 0-03%, respectively. Mass
balance was therefore not achieved in all three ion exchange
columns up to the final wash with 1 m NaCl. The 1 » NaOH
sanitation washes were not studied as NaOH renders PrP*
sensitive to digestion by proteinase K [26), and could lead to
aberrant resuits. The results indicate that some PrP* was
eluted from the DEAE Sepharose and CM Sepharose, but most
of the PrP* was either not recovered or bound to the
chromatography gel prior to the NaOH sanitation step.

Scrapie ME7 spike with bioassay detection

Limiting dilution bioassay was used to determine the titre of
the spiked supernatant [ starting material and the final
concentrated eluates from the CM Sepharose and Macro-Prep
columns (Table 2}. The control mice for all studies remained
normal throughout the observation period, indicating that
the inocula were non-toxic and that there was no cross-
contamination from cages housing TSE-positive mice.

© 2006 Blackwell Publishing Ltd, Vox Sanguinis (2006) 91, 292-300

Table 1 Partitioning of PrP** microsoma! £;

immunaglobulin purificaticn acress ion excaangs <
Western blot

Total Pri*® o PrPY Reduction

Step/Fraction {log, ) fraction (log,)°
DEAE Sepharose™ FF

inoculum 320

Columa load 430

Unbound 1gG" 098 33

Transferrin peak €084 235

Wash - 10 mm NaAc €092 P

Eluted atbumin’ 5032 240

Wash - 150 mwm NaAc 1-63 27

-5 M NaCt $0N 242
CM Sepharose™ FF

tnoculum kRN

Column toad 364

Unbound protein £ -034 G

Wash 110 mm NaAc <04 237

Eluted albumin® £068 230

Wash 40C mm NaAc €023 34

0-5m Nall 183 3
Macro-Prep High 0

Inocutum 360

Column foad 418

Purified IgG (unbound)’ $008 24

Wash 10 mm haic 5§08 EXE

1M NaCl £-0407 =42

2 f¢r Bngoing protessing
of albumin or immunoglobulin, All other cluates st waste streams,

YE PrP (proteinase K-resistant scrapie prion pr £0 be detected

in the neat sampic, the Pre™ log reduction voas recarded &

Yable 2 Bioassay of test materiais from alowmin g immunog!stulin ch

Sampic dilution
Sample Parameter
Control Mice infectedfincculated
SNt ircubation period (days)®
Control Mice infected/inoculated a0
Albumin incubation period (days)
Control Mice infected/inoculated (5]
igG incubation period (days
MEY tdice infectedfinoeuiated 55
spiked SN incubation period (days) 1537
MET Mice infected/incculated )
Albumin incubation periad (days!
ME7 Mice infectedfinuculated
136 incubation period (days) G oS

*Mean = standard deviation,
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Tadle 3 Bicassav of lest materials from Hormal Immunoglobulin 2Vl {Cohn) process

Sample dilution

Sample Parameter 10° 107! 107 07 10 10f g 107
ice infected/inoculated o/s
incul:ation period {days)
Mice infectedfinoculated 0/9
incunation pericd {days)
*Mice infeetedfinoculated /5 5/5 5/5 4/s 15 15 15 0/4
incubation period (days) 18626 235126 22318 279167 279 347 230
Mice infectedfinoculated 0/20 0/5 0/s - ofs

incutation period {days)

oz standard devialion

Table 4 Calcuiation of Infectivity in spiked process

Infectivity Volume Total infectivity Reduction starting materials and final materials of
Step/Fraction (log,q 1D55/ml)  (log,g) (log,) (log, o) chromatography and Cohn process
S (4:5-623)° 2:1 75
<C7 12 <19 256
<07 1-4 21 254
Lok
MET spiked cyrosupernatant 54 (44 -6:5) 25 79
1AET 135G [Cohn) 507 16 <23 256

*95% confidence interval of Spearman Kirber estimate of Dgq

Discussion

The potential risk of vCJID transmission has led producers of
plasma products to examine the prion clearance capacity of
their fractionation processes. Whereas itis an accepted principle
i n factors attained by mechanistically °
rentasy steps [27), different approaches are needed to
averall prion removal. The European Agency for the:
or of Medicinal Products (EMEA) guidance (28] advises
validation studics of removal/inactivation procedures
I'SEs are difficult to intepret due to the necessity to takeinto
ideraton the nature of the spiked material and its relevance
asign of the study (including scaling-
T processest and the method of detection of the agent.
lly at PrP¥ removal
<ess steps then examined the potential
rocess steps to remove prion infectivity.
Gy programme uscd scrapic 263K and ME7 as models
‘oach that is supported by the finding
it partitioning of human prions is similar to that observed
: the hamster scrapic wodel (29, The studies used different
materiais (microsomal 263K and 10 000 g supernatant
}hecause the MET study sought to usc an infectious spike
ouid consist not only of microsomal infectious units, but
1ailer units of infecrivity as soluble PrP™ [17). The study

to add viral log redu

com

atural sitiation,

vl individual

ai more combin,

programme found substantial partitioning of prions away
from the product streams of chromatographic albumin and
immunoglobulin, and for immunogiobulin produced by Cohn
fractionation. Importantly, this investigation shows that removal
of infectivity from immunoglobulin preparations is similar
whether chromatographic or Cohn purification processes are used,

The study with microsomal scrapie 263K showed substantial
partitioning of PrP* away from the target proteins in all ion
exchange steps examined. The log reductions across the
anion exchange DEAE Sepharose and cation exchange CM
Sepharose for the albumin process were 2 40 and = 3.0,
respectively. The log reductions across the DEAE Sepharose
and anion exchange Macro-Prep for the immunoglobulin
process were 3-3 and 2 4-1, respectively.

At the loading pH buffer ranges used for this experiment
(pH 5-2 for DEAE Sépharose, pH 4-5 for CM Scpharose, and
pH 6:2 for Macro-Prep), scrapie should be below its isoelectric
point (pl) of pH 5-4-9-3 (30} on the DEAE and CM Sepharose
columns, and hence would be positively charged. While pH 62
is within the pl range for scrapie, it is likely that scrapie is
predominanty positively charged when loaded onto Macro-Prep.
If scrapie bound to chromatography columns purely based on
charge, it would be predicted that more binding should occur
with the cation exchanger CM Sepharose, and less to the anion
exchangers DEAE Sepharose and Macro-Prep. The substantial

© 2006 Blackwell Publishing Ltd. Vor Sanguinis (2006} 91, 292-300

Prion renove

removal of PrP* by {he anion and the cation exchange gels,
and lack of substantial amounts of Fri* in the waskhi fractions
indicated that PrP* removal was minre dependent on adsorp-
tion to the gel matrix than to the exchange group, There was
a partitioning of 0-05% of loaded PrP*° in the unbound IgG
eluted from DEAE Sepharose. However, as the Macro-Drey
column removed 2 4-1 logs, there is a level of confidence that
this remaining PrP* would be removed from the product strean:

Similar results were reported using murine bioassay of B
301 V over Toyopeart DEAE-650 m {31}, in which LRFs of 2-9
and 2-7 were found in eluted fibrinogen and factor VI, leadin
to the conclusion that over 99% o! BSE infectivity remained
bound to the ion-exchange column. A 2 m NaCl wash removed
5:75% of this infectivity, and infectivity could not be detected
in eluates foliowing a 0-1 M NaOH wash.

In our study, new chromatography gels were used. zs
opposed to production gels that hac been exposed to previo
cycles. The possibility of infectivity binding to chromatogra
gels has led to further experimental work examining pr
removal and or inactivation of infectivity from chrom:
graphy gels, in which it was ascertained that infecdous pri
did bind to DEAE Sepharose, and the cleaning cycle was ¢
to remove or inactivate this infectivity {32]. .

A LRF of 2 56 across the DEAE and CM Sepharose ion
exchange columns in the albumin process and a LRF of 2 5+
across the DEAE Sepharose and Mocro-Prep jon excha
columns in the immunoglobulin process was achieved. Both

. processes include a final concentration/diafiltration step using

30 kDa ultrafiltration, with the retentate containing eitiier
albumin or immunoglobulin. It is unlikely that substantial
prioninfectivity would be lost in the pentnicate stream. as infectious
units arg believed to have a minimum molecular weight of
approximately 55 kDa [33). Conversciy, it is possible that sowme
infectivity is adsorbed to the ultrafilter membrane surface;
however, the membrane types uscd {polyethersulphone for
albumin and regenerated cellulose for immunoglobulin) are both
specified as low protein binding by tiic respective manufacturers

If the starting titre for the ME7 bioassay study had been
higher it may have been possible to show removal capacity
equal to the addition of removals atinined for each column
in the Western blot study. Previous studies using scrapie 263K
for validation of prion removal in bovine serum albumin
production with sequential columns {34] have shown a 52
log removal of scrapie 263K over the first ion exchar
column, and 2 6:2 when the second ion exchange column is
included. This implies that the result is limited by the starting
titre, and the question of additivity cannot be resolved
without a higher infectivity spike. i our study programme,
the spike material preparations and tiic method of detection
(Western blot vs. bicassay) were different between the two
studies. Higher titre spiking materia! would be needed o
further elucidate the additive vs. non-additive nature of prion
removal over sequential columus,
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Abstract

Lo

Manufacturing processes used in the production of biopharmaceuiica,
potential contaminants, including TSE agents. In the present siud
different starting materials, using virus removal filters of different
Western blot (WB) analysis when a “supcr-sonicated” microsomal fraci.,
used as the spike material. In contrast, na Pri*® was detected when a
ner designed to optimize the particle size distribution within the prep
of detection of the WB assays used under all the experimental cond
under one experimental condition. The resuls obtained suggest that ¢
ability of filters to remove prions, and that pracedures designed o i
sonication” or detergent treatments described hercein, should be use
© 2007 The International Association for Bioiogicals. Published by &,

Keywords: Prion; Removal; Fiiter; Clearance study; Spikc material

L. Introduction

The transmission of variant Creutzfeldi—Jakob diseuse
(vCID) through blood wansfusion has been of increas:
concern, since a fourth possible trensimission case was
ported [1]. In addition. prions have been detected in the
buffy coat separated from the blood of hamsters infecied
with scrapie, using a biochemical assay (protein misfolding

cyclic amplification, or PMCA) [2]. Infectious prions arc
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cry similar manner {6). Dif-
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: . purificd PrP%° was re-

sorted Lo behave differently from the other preparations in
an &% cihenol fracionation step (7). This result suggests
that the mcthods used 1o prepare the prion spike material
1l facior in prion clearance siudies. Further-
more, ports are useful in providing a rationale for
the chotce of the prion source and spike preparation used
for cuch wvaluation studics
. reported tha ' influenced the ability
ts to remove prions, using BH derived from
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[10}. Van Holten et al.
¢ 180 membranes (de-
s of <180 kDa) to re-
iysolecithin-treated,
h a 100 nm filter
* down to the limit
scd. They argued that
I where the size of the
was lhnited, its may be more rele-
e the remo { potential TSE infectivity
fan previous studies that used a less well-defined

cstera bi
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zution of the prion proiein is a critical parameter
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whet ling nancfiltration steps. The actual form of the
infectio 1t present in plasma in natural infection is not
Known, ition, nanofiltration is typically performed late

in the downstream processing, after protein purification steps,
“yesult in removal of larger or aggregated prion
2fore, use of a spike preparation containing large
resuit in an over-estimate of the prion removal
. Although the reports described above, and
we shown excellent prion removal ability for a num-
ber of Aliers, most reports have not described the particle size
distribution of the prion protein in the spike preparations used.
Therefore, in this study we have investigated the prion re-
movel cupacity of P-35N, P-20N and P-1SN filters under di-
verse conditions, considering the panicle size distribution of
the MF proparations used.

which 1

noval of infectivity, to be- |

2. Materials and methods
2.1. Preparation of microsomal fraction (MF)

Brains removed from hamsters infected with scrapie strain
263K [12] (originally obtained from the Institute for Animal
Health, Edinburgh, UK), were homogenized in phosphate
buffered saline (PBS) until homogeneous, to a final concentra-
tion of 10% (w/v). The homogenate was clarified by low speed
centrifugation, to remove larger cell debris and nuclei, and the
supernatant material was then further clarified by centrifuga-
tion at 8,000 x g for 10 min at 4 °C, before being ultracentri-
fuged at 141,000 x g for 60 min at 4 °C, to concentrate the
scrapie fibrils, and small membrane vesicles and fragments.
The pelleted material was resuspended in PBS, aliquoted,
and stored at —80°C. This material was designated 263K
MF. Prior to use, stocks were thawed at 37 °C, and sonicated
2 x 4 min on ice water (Ultrawave ultrasonic bath model
#U100, 130 W 30 kHz, Ultrawave Ltd., Cardiff, UK): Six
independent batches of 263K MF were used in this study.
These batches are designated 263K MF preparation lots
A—F (Tables 1—3). Normal MF, derived from normal (i.e. un-
infected) hamster brain material, was also prepared as described
above.

Since we were unable to measure the particle size distribu-
tion of contaminated materials in our facility, we used normal
MF, and investigated changes in the particle size distribution
following strong sonication or treatment with detergent, Vari~
ous concentrations of sarkosyl (N-lauroylsarcosine sodium
salt, Nacalai Tesque, Inc., Kyoto, Japan), lysolecithin (L-a-
lysophosphatidylcholine, Sigma-Aldrich Corp., St. Louis, USA),
Triton X-100 (polyethylene glycol mono-p-isooctylphenyl
ether, Nacalai Tesque, Inc.), TNBP (tri-n-butyl phosphate,
Wako Pure Chemical Industries, Ltd., Osaka, Japan), and/or
1% Tween 80 (Nacalai Tesque, Inc.) were added to normal
MF, Changes in the particle size distribution were then moni-
tored by dynamic light scattering method using volume-
weighted gaussian analysis using a submicrometer particle
sizer (NICOMP Type 370, Particle Sizing Systems, Inc., Santa
Barbara, USA). To evaluate the effect of strong sonication,
normal MF was sonicated using a closed system ultrasonic
cell disruptor (Bioruptor UCD-200T, CosmoBio Co. Ltd., To-
kyo, Japan) with a resonance chip set in the tube. Sonication
was performed for 1 min at 20 kHz, 200 W in a cold water-
bath. Ten cycles of sonication were performed, with a 1 min

Table 1
Scrapie infectivity in different 263K MF preparations®
Logio SE at 95%
LDsy/ml probability
Non-supez-sonicated 263K MF lot C 57 0.44
Super-sonicated 263K MF lot C 6.0 0.53
Super-sonicated 263K MF lot D 53 -0.69
SD-treated, ultracentrifuged, super-sonicated 69 . 0.69
and 220 nm-filtered 263K MF lot C
* This bicassay study was p in dance with GLP regulati

M. Yunoki et al. ! Biologic 1

26 1200

Table 2
Removal of PrP*® from PrP™-inoculated PBS
PVDF filier Pianova
220 am 100 nm PISN (T2 2w
Super-sonicated + - - -
Before filration 4235 3.5/4.2 S.3/3.5 3.5/4.2 .204.2
Filtered 3.8/38 3.13.8 387300 2.4/3.1 2.472.4
LRF® 04/~03 0404 0302 LYLL 1818

Data represents total PrP™ present in samples, ex;iressed as log,g arbitrary uaits, foliowing Nesi.

in with GLP lati
¢ Two independent batches of 263K MF we.
® LRF, log reduction factor = total PrP* in in

d: lot C (left) and lot D (i
total PrP™ in fileate, ex

interval between each sonication treai:ient. During the treat-
ment cycle, the particle size distribution was monitored. We
named this treatment cycle "super-sonication™.

Different preparations of 263K Mi weated with various
combinations of detergent, ultracentrituigation and/or *‘super-
sonication”, were uscd as the spiking agent in the process
evaluation studies, and are described in the relevant methods
sections below,

2.2, Detection of PrP*¢ by Western bloiting (WB)
Y 8

To determine the relative levels of PrP5° present in different
samples, WB assays were performed. Three slightly different
WB methodologies were applied over :he course of the studies,
all of which are based on detection of i disease-associated,
protease-resistant form of.the prion proicin (PrP5), using the
monoclonal antibody 3F4 (Signet Laboraiorics, Inc., Dedham,
USA)[13]). WB methods 1 and 2 were doveloped independently,
and use different approaches to calculaie the titer of PrP%6, As
these assays were performed as part ¢f GLP studies intended

um s
nents that

digested

interfore Wi

covery of ©

Table 3

Removal of PrP* from PrP%-inoculated plasma ;reparations®

Filter P-35N (35 £ 2 nm) P-20N (1022
Preparation IVIG VIG
Spike material 263K sMF® 263K s
MF preparation lot, co EF
Spike ratio 1100 1720
Detection method” WB1 WB2
Before filtration 321258 6.8/6.8
Filtered 0.8/0.8 <0 4.8/4.3
Log reduction factor 2.41.7 >i4 2.02.5

Abbreviations used: 263K MF, microsomal fractcr: cerived from hamster adap
sonicated” 263K MF; WB, Westermn blotting; 2635 dsMF, detergent treated and *
assay: +ve, scrapie positive.

* Scaled down conditions were designed according to current guidelines. However, in a st

and the filtration was subsequently terminated.
® WBI1, WB2, and WB3 mean Western biotti
with GLP regulations; the studies involving the
€ 263K MF was “super-sonicated” then 220 n

itered prior to spiking.

4 263K MF was ultracentrifuged at 141,000 x ¢ for 60 min at 4 °C, resuspended in huffes

and 220 nm-filtered prior to spiking.

¢ 263K MF was “SD-treated”, ultracentrifuged at 141,000 x g for 60 min at 4 °C, resuspends

“super-sonicated”. These materials were 220 nm-filiered prior to spiking.
" 263K MF was treated with 0.1% sarkosy! for 30 inin at room temperature.

hods 1. 2 and 3, respectively.
of WB3J and the qualitative BA s
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horseradish peroxidase (HRP)-
vigma-Aldrich Corp.), After
! antibody was detected using
stem {GE Healthcare UK Litd, Buck-
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end- Tor cach dtration was taken as the first dilu-
23 KDa Pri™ puotein could not be detected.
then taken as the titer of the
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UK). A urther extensive washing, bound antibody was

g a CDP Swr/Nireblock 1 detection system
usciences, Bedford, UsA) and exposure to blue-
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(Appiicd
light sensi
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of PrP* present in cach sample was calculated
eaty from WEY and W83, The end-point dilu-
Lolanen was taken as the last dilution at which
¢ P proein could ve detecied. The reciprocal
then taken as the amount of agent in the

ind was adjusted for the volume tested
.o give a titer/m] for the original

ice at 150,000 x g for | h,
resuspended in PBS at
Resuspended samples

t concentration of 10—
at 377°C for 60 min, samples

were treated with 10 mM 4-(2-aminoethyl)-benzene sulfonyl
fluoride hydrochioride (AEBSF) at room temperature for
10 min, then mixed with 5x SDS-polyacrylamide gel electro-
phoresis (PAGE) sample buffer (300 mM Tris~HC], 12% (w/v)
SDS, 25% (v/v) glycerol, and 0.025% (w/v) bromophenol
blue, pH 6.8, with 25% (v/v) B-mercaptoethanol) and heated
at 100 °C for 5 min. Samples were serially 5-fold diluted with
Ix PAGE dilution buffer (60 mM Tris—HCI, 2.4% (w/v)
SDS, 5% (v/v) glycerol, and 0.005% (w/v) bromophenol
blue, pH 6.8). SDS-PAGE was performed at 30 mA per gel
for approximately 42 min. The proteins in the gel were trans-
ferred to 0.45 um PVDF membranes. After treating with block-
ing buffer (5.0% (w/v) skimmed milk in PBS, 0.05% (v/v)
Tween 20), the membrane was incubated with monoclonal
antibody 3F4 at 4 °C overnight, then incubated with HRP-
conjugated sheep anti-mouse IgG (Sigma-Aldrich Corp.). Bound
antibody was visualized by chemiluminescence (ECL-Plus) on
X-ray film. The titer of PrP®° present in the samples was cal-
culated as described for method 1 in Section 2.2.1,

2.3. Evaluation of PrP>® removal by fitration

A 10% (v/v) concentration of “super-sonicated” 263K MF
was prepared in PBS, and 10 ml aliquots were then filtered
through a 220 nm or a 100 nm 4 cm? PVDF filter (Millex-
GV or -VV, Millipore Corp.). In addition, 25 ml aliquots of

super-somcated" 263K MF in PBS were filtered through
2 0.0l m? P-75N (72 £ 2 nm), P-35N (35 & 2 nm), or P-15N
(152 nm) filter (Asahi Kasei Medical Co., Ltd. Tokyo,
Japan). Two independent batches of 263K MF were used.
WBI analysis of samples before and after filtration was per-
formed to determine the removal of PrPS® under the different
conditions. Non-sonicated 263K MF (from the same batch
of 263K MF) was also filtered as a control.

2.4. Hamster bioassay to determine the infectious titer of
263K scrapie stocks

Three- to four-week-old female specific pathogen-free
(SPF) Syrian hamsters were used in these experiments, Serial
10-fold dilutions of each sample or positive control were
prepared in PBS. Six hamsters per sample dilution were inoc-
ulated intra-cerebrally with 0.02 ml per animal. The inoculated
animals were monitored daily for general health, and weekly
for clinical evidence of scrapie. Animals were euthanized
once advanced signs of scrapie were evident, or at the end
of the assay period (200 days). The brain was removed from
each hamster following euthanasia: one haif was fixed for his-
topathology and the other half was stored frozen at —70 °C for
further analysis if required. For histopathological analysis,
sections taken at four standard coronal levels, to cover the
nine areas of the brain which are recognized to be mostly in-
fected by the scrapie agent, were stained with hematoxylin and
eosin, and scored for the presence or absence of scrapie lesions
{15]. Histopathological analysis was performed on samples
from around the clinical end-point of the titration assays, to
confirm the clinical results. Hamsters that died during the

M Yunokiera! T E.i

course of the study for rcasons other than scrapie infecin,
were not included in the final calculation of infectious titers
Infectious titers were expressed as a :\ - lethal dose (LD«
according to the method of Kirber [i6

Samples taken before and after filtrution during the -
antithrombin (AT; previously named .ntithrombin-II} sl
were tested for the presence of scrapic tivity using & o
itative hamster bicassay. Syrian hamstors were inoculated v
undiluted samples only, as described thove, except thut ¢iix
three animals were used per sample.

2.5. Evaluation of PrP°> removal in i presence of
plasma preparations

To investigate whether differences i how the scrapic spik-
material was prepared influenced our evaluation of prion ro-
moval, two different spiked preparaticiis were compared usin,
the manufacturing process for preparing - ® i
Corp., Osaka, Japan). Samples v during the actual
manufacturing process, immediately before the Planova siep.
were spiked with 263K MF treated with 0.1% (w/v) sarkosy.
for 30 min at room temperature, or with 220 nm-filtered *“supe
sonicated” 263K MF. The spiked AT materials were then
passed through a P-15N filter. The in ce of different fiitra-
tion conditions on the removal of Pri”™ was compared for the
same spike preparations, and for dif! pike preparaticns,
using heat/PEG-treated intravenous Lnmunoglobulin (IVIG;
(Venoglobulin-IH, Benesis Corp.) and iapioglobin (Hapteg
bin Injection-Yoshitomi, Benesis Corp.:. Samples taken d
the actual manufacturing process, im
nova step, were spiked with: 220 nm-1
263K MF (IVIG/P-35N and haptog
ultracentrifuged at 141,000 x g for 6C
in buffer -equivalent to the starting
“super-sonicated” and 220 nm-i
263K MF treated with 0.3% (v/v) T
for 6h at 30°C (“SD treatment”
141,000 x g for 60 min at 4 °C, resus;
sonicated”, and 220 nm-filtered (Ve
spiked material was then passed thrr
or a P-20N filter (19 + 2 nm). 3
manufacturing process for }nptomob . the SD treatmen: was
included for the spiked preparation in on effort to reduce ihic
clogging of the filter that occurs fol‘.mv:ng the addition of
a prion spike. Filtration processes for tiw thrombin prepar:
(Thrombin-Yoshitomi, Benesis Corp.) were also investig
For thrombin, a sample taken during the actual manufact
process immediately before the Plunovi step was spiked w
263K MF subjected to “'SD treatment™ {oilowed by ultrace
fugation at 141,000 x g for 60 min at -+ °C

'super-sonice
S3INY: 263K
a4 °C resuspeis
1al without prot
(IVIG/P-20N):
15 (viv) T\wu
ultracentrifug
«d insaline, s
WP20N)
‘u‘hcr P- JSA\' S
honot pant of he

C, resuspended in
starting material, “supcr~sonicawd' and 220 nm-filtered, and
the spiked material then passed through « P-15N filter.

The experimental conditions used in the prion remo
studies were designed to mimic the coaditions used dus
the actual manufacturing process for e relevant pro
For all processes, samples were analyzed by WB. The 1o
reduction factor (LRF) for Prp>® cleulated for cuch

¢
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263K MF, “super-sonicated” 263K MF, and 263K MF sub-
jected to “SD treatment”, ultracenirifuged at 141,000 x ¢
for 60 min at 4°C, resuspended with thrombin starting
material, “super-sonicated”, and 220 nm-filtered, were deter-
mined using a hamster bicassay. The results are summarized
in Table 1.

The titers of two independent batchies of 263K MF treated
by “super-sonication” were 6.0 and 5.3 logo LDso/ml, re-
spectively. The titer of the *‘non-super-sonicated” 263K MF
used to generate one of these stocks was 5.7 logo LDso/mil.
These results suggest that ‘“‘super-sonication’ does not in
ence the infectivity of 263K MF. The titer of the 263K MF
subjected to “SD treatment”, ultracentrifuged at 141,000 x
g for 60 min at 4 °C, resuspended with the thrombin starting
material, “super-sonicated”, and 220 nm-iilicred, was 6.9 logo
LDso/ml, which was approximately | log higher than that of
the corresponding stock treated by “'super-sonication” alonc.
Whether this difference is significant is uncicar. The process
to generate the “SD-treated” spike materials included an ultra-
centrifugation step. We were therefore concerned about recov-
ery of infectivity following centrifugation, as the particle size
of 263K MF was highly reduced by the “SD treatment” step.
However, these results suggested that the recovery of infec-
tious particles following ultracentrifugation was satisfactory.

Although it is possible that use of a 200 day bioassay may
under-estimate the infectious titer of tixe 263K MF stocks, the
use of a relatively short duration bioassay is considered un-
likely to affect the main conclusions drawn. At least the last
two dilution groups tested showed no animals with evidence
of scrapie infection in all four titrations, and only three ani-
mals in the study (one in each of three scparaie titrations) de-
veloped clinical symptoms necessitating cuthanasia later than
day 131 (euthanized on days 160, 183 and 183, respectively),
suggesting the titers obtained for all the stocks are close to
end-point (data not shown). In addition, as others have demon-
strated that treatment with detergent, and cxposure to tre.
ments that result in inactivation of the scrapic agent, such 2
heat or NaOH, may result in extended incubation periods for
clinical scrapie, if anything the resuits may under-estimate
the relative titers of the treated stocks {17,183, Therefore, ¢

bioassay results support the conclusion that “super-sonication o . R
of 263K MF stocks, with or without “SD treaiment”, does nat
appear to significantly reduce the infectious tizer of the stock,
and that these preparations are therefore suiable for use in
prion clearance studies.

3.3. Removal of PrP* by various filters

To determine whether “super-sonication’ influenced the
logo reduction observed for PrP% following filtration under
defined conditions, ‘‘super-sonicated” or ‘‘non-super-soni-
cated” stocks of 263K MF were diluted in PBS, and then fil-
tered through 220 nm, 100 nm, P-75N, P-35N and P-15N
filters. Samples were analyzed by WB. The results are summa-
rized in Table 2. The use of “super-sonicated” 263K MF
appeared to result in lower log)o reduction values, supporting
the idea that “super-sonication” of 263X MF produccs a
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Filtrate

Animal number

Animal number

2 3 1 2 3
ns (v euthaniced 37 87 87 94 143 ©108
Detected Detected Detected Detected Detected Detected
Tve +ve +ve +ve +ve +ve
VP D.V,P D,Vip D,Vp D,v,p D.V,P
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op DV,p V.p D.P DP D,VpP
0P D,V.P D D.vP D,P DP
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NR DV D D DVp DV
np D.P bp NR DV.P 4
oy DP DpP bD,p DV.P D.V,Pp
) ne D.V.P D,V.p D,V,p D.V,P D.V,P
SRnorenarkable change; D, degeneration of nerve cell; V, vacuolation; P, proliferation of glial cell.
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TSE clearance studies provide a particular challenge in that
the nature of the infectious agent is still uncertain, and the
forms of infectious 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 glycoprotein, which associates with mem-
branes through a glycosylphosphatidylinositol (GPI) 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 expected
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 0.1% 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.

brain, taken from an animal inoculated with a P-15N-filtered sample (B), in comparison with the
s. vacuolation; Arrowheads, degeneration of nerve cells; scale bar = S0 um; HE staining used,
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material more closely mimicking the forin of infectious piion
present in the relevant start material <t the manufact :
process. Use of these treatments alone or in combination 1iay
therefore be useful in reducing the size of infectious particles
present in TSE spike materials for pricn clearance studies

The effect of the above treatments was studied using nor-
mal MF, as the facility was unable 1o handie infectious TSE
materials. Although some care shou: taken in extrapelat-
ing these results to TSE-infected brain crial, “super-soni-
cation” of 263K MF preparations red to reduce the
removal of PrP* following filtration, o detergent-trecied
spike preparations have previously b hown 1o pre
a more significant challenge to nanoi on sieps than un-
treated preparations ({9,10] and own hed obse:
tions). Furthermore, “‘super-sonicati i oor without D
treatment, does not appear to reduce iwvel of infectivity
present within the 263K MF, supporiiiiz ihe use of such p
arations for prion clearance studics.
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WB assays were used to monitor U2 paritioning of Pr™®
during the nanofiltration processes. Wil assays are semi-quan-
titative and serve to provide an indicativn of the relative leve
of PrP® present in different samples. Hwever, there are lim-
itations to the sensitivity of available W} ¢ s, and these
says provide only an indirect measure ¢ inivctivity, Therefure,
to confirm that removal of PrP%® does r1i2ct removal of infre-
tivity, bioassays need to be performet

Although PrP*¢ was not detected in iy of the P-15N
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also noted that infectivity was detected 1« fiktrate fraction -
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In our study, CJD homogenate was spiked at three different dilution
filtration process was performed on each samplc. Using the western b!
that obtained with a reference scale (dilution scrics of CJD brain homo
3.3log). After nanofiltration, the PrP™** western biot signal was detecied witha si dn .. i o -
was undetectable in the two other samples. )

These are the first data in CID demonstrating a clearance between 1.6
nanofiltration process confirms its relative efficacy in removing human CJ¢
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1, Introduction fiseass, Mo e ahudier :

The safety of biopharmaceutical products used for human
therapy has taken on the.same importance as the therapeutic ef-
fects; this point was highlighted these last years by the contam-

- ination of children developing CJD after extractive growth
hormone, therapy using unsafe lots with respect to prion
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