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Background and Objectives The risk of haemophiliacs contracting variant Creutzfeldt-
Jakob disease (vCID) via treatment with factor VI concentrates is not known. There-
fore, in order to determine the extent to which the vCJID agent might be removed during
the preparation of factor VII concenurate, the partitioning of a bovine spongiform
encephalopathy (BSE)-derived agent was measured over the main purification step
used to prepare the Scottish National Blood Transfusion Service high-purity factor
VIII concentrate (Liberate®}. :

Materials and Methods Murine-passaged BSE (strain 301V), in the form of a micro-
somal fraction prepared from infected brain, was used to ‘spike’ a solution of factor
VI of intermediate purity. The ‘spiked’ starting material was subjected to solveat-
detergent treatinent and then to anion-exchange chromatography with Tayopearl
DEAE-650M. All fractions were tested for 301V infectivity using a murine bioassay,
including the procedures used to clean the ion-exchange media after use.

Results BSE 301V infectivity was reduced by 2-9 log,, in the fibrinogen fraction and
by 2-7 log,, in the factor VIl fraction. Over 99% of the added 301V infectivity
remained bound to the ion-exchange columm after elution of factor VII. A large
quantity of infectivity was subsequently removed by washing the ion-exchange
media with 2 m NaCl. No further BSE 301V infectivity was detected in column eluates
after treatment with 0-1 M NaOH or a second wash with 2 m NaCl

Conclusions Results using a BSE-derived agent suggest that vCJID infectivity would
be. substantially removed by the ion-exchange process used in the preparation of
fibrinogen and factor VIII concentrate. Although 301V infectivity remained
bound to the ion-exchange matrix following elution of factor VI, this appeared to
be eliminated by the procedure used for cleaning the ion-exchange media after
each use. :

revised 23 December 2003,
accepted 2 January 2004 Key words: Creutzfeldt-Jakob disease, chromatography, factor VI, fibrinogen.

. encephalopathy {TSE), of which there have been 150 con-
Introduction phalopathy (TSE)

fumed or probable cases diagnosed since the condition was

Variant Creutzfeldt-Jakob disease (vCID} is an incurable, first reported [1]; 143 of these 150 subjects were resident in
fatal, neurodegenerative disorder of transmissible spongiform the UK at some time. Evidence that vCID is caused by the

TSE agent responsible for bovine spongiform encephalo-
pathy (BSE) in cattle is convincing [2], with dietary exposure

Comrespondence: Peter R. Foster, PhD, SNBTS Protein Fra‘cticnation Centre, being the most probable route of trausmission [3]. BSE
21 Hien's Glen Road, Edinburgh EH17 7Q1, UK originated in the UK [4] and has now been detected in cattie

E-mail: peterfoster@snbts.esascot nhsuk
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in 25 different countries, although 98% of all cases found
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have been in the UK [5]. Despite the relatively small number
of confirmed or probable cases of vCID, the absence of a
suitable diagnostic screening test means that the number of
people incubating the disease is not known, either in the
UK or elsewhere. i

Most TSEs in humans occur as sporadic Creutzfeldt-Jakob
disease (sCJD), but 10-15% are linked to mutations of the
PrP gene (e.g. familial CJD, Gerstmann Straussler Syndrome)
and there have been several iatrogenic transmissions, most
" notably from contaminated preparations of human growth
hormone. It was following the transmission of CID via human
growth hormone that blood products were identified as a
possible route for the iatrogenic transmission of CID [6}, but
no good evidence was found to support this hypothesis [7}.
By contrast, there has been continuing concern that vCID
may be transmissible via blood or blood products [8,9], owing
to the detection of abnormal prion protein {PrPS) in the
lymphoreticular tissue of patients with vCID, but not in those
_ with sCJD {10]. Experimental transmissions of BSE by trans-
fusions of whole blood between sheep [11), and a probable
human transmission of vCID by a bloed transfusion [12],
have heightened these concerns. A number of precautionary
measures have therefére been taken, including a ban on the
manufacture of plasma derivatives from UK plasma [13] and,
in many countries, deferral of blood or plasma donation from
individuals who were resident in the UK during the BSE
epidemic [14].

There is particular concern over the potential risk to
patients treated repeatedly with plasma derivatives, as in the
treatment of haemophilia A with factor VIII concentrates
[15). To establish the actual risk of vCID being transmitted
by this route it is necessary to determine the extent to which
the agent responsible would be removed or inactivated by
processes used to manufacture factor VII copcentrates. Pre-
viously, we examined the ability of a number of steps, used
in the preparation of a high-purity factor VI concentrate, to
remove added PrP%, finding the highest degree of PrP™
reduction over ion-exchange chiromatography [16]. In this
investigation, hamster-adapted scrapie was used as a source
of prion agent and the partitioning of PrP> was determined
by immunochemical analysis. Although hamster-adapted
scrapie is a well-established model for this type of study
[17-23], the extent to which the findings can be extrapolated
to the partitioning of vCID infectivity remains uncertain.
Therefore, we undertook a more substantial study of this
ion-exchange purification step, using, as a high-titre TSE
inoculum, a murine-passaged strain (301V) of BSE in the
form of a microsomal fraction derived from infected brain
tissue, as described previously [24). In order to account fully
for the fate of the added 301V, all output fractions from the
ion-exchange process were examined for infectivity using a
murine bioassay, including the procedures used to clean the
ion-exchange media after each use.

© 2004 Blackwell Publishing Ltd. Var Sanguinis {2004) 86, 92-99

Materials and methods

Preparation of a microsomal fraction of BSE 301V as
the ‘spiking’ inoculum

In order to study the distribution of BSE-derived infectivity
over jon-exchange chromatography, an aliquot of known
infective material, in the form of microsomal inoculum, was
added to a factor VIl solution of intermediate purity {16). The

procedure for the preparation of the microsomal inocutum

was based on the method of Millson et al. [25]. Brain tissue
{3 g), taken late in the dlinical phase of disease from inbred
VM miice infected with murine-passaged BSE (strain 301V),

was suspended in 27 ml of phosphate-buffered saline (PBS),-

homogenized in a Dounce homogenizer and centrifuged at
700 g for 10 min at 4 °C. The pellet was resuspended in 10 ml
of PBS and centrifuged again under the same conditions. The
supematants recovered from both procedures were pooled
and centrifuged at 10 000 g for 7 min at 4 °C in order to sedi-
ment unbroken cells, large fragments of cells, mitochondria
and cell nuclei. The translucent supematant was removed
carefully and centrifuged at 100 000 g for 1 hat4 °Cin order
to sediment the microsomal fraction. The supematant was
discarded and the pellet was resuspended in 30 m! of PBS to
provide the inoculum for ‘spiking’ the starting solution of
intermediate purity factor VIIL The infectivity of this material
was determined previously to be 725 log,, intracerebral
infectious doses 50% (ID,)/ml [24].

Ion-exchange chromatography

The experimental procedure for determining the distribution -

of 301V infectivity over the ion-exchange chromatography
process is shown schemadcally in Fig. 1.

Microsomal inoculum {10 ml) was added to a solution of
factor VIII (1027 ml), of intermediate purity, taken from a
full-scale manufacturing batch that contained, 20 m:
trisodium citrate, 2-5 mu calcium chloride, 109 mm NaCl and
4-5% (w/v) sucrose, as desaribed previously [16]. Polysorbate-
80 and tri{n-butyl) phosphate were then added fo the solution
to obtain concentrations of 1% v/v and 0-3% v/v, respeciively,
and the resultant mixture {108-6 ml) was stirred at 25+ 1 °C
for18 h prior to processing by ion-exchange chromatography.

The ion-exchange procedure was also carmried out as
described previously [16]). Fourteen millilitres of Toyopearl
DEAE-650M (TosohBiosep GmbH, Stuttgart Germany} was
packed into a 10-mm diameter column (C10/20; Pharmacia,
Upsala, Sweden) and equilibrated with 110 ml of buffer
containing 120 mm glycine, 16 mu lysine, 10 mm trisodium
citrate, 1 mum calcium chloride and 110 mm Nadd, pH 7-0.

Solvent/detergent-treated factor VII sclution (98-6 ml),
containing 9-2% microsomal fraction by volume, was applied
to the column at a flow rate of 78 mi/h, followed by 41 mil
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Intermediae pucity
factor VIIf solution

301 V Inocul T
Sample 1 Samp
Salveat/detergem
treatment
Equilibration buffer at {0 maNaCl ———s- oo p———— Samplc 4 (fibdnogen)
Equitibration buffer at 145 mat NaCl chany Sample 5 (low-NaCl wash)
chromatogruphy

Equilibration buffer ax 250 mv NaCtf ——

2 NaCQl ——

Cleaning
¢4 M N2OH ——+| of [EX
2MNaCl ———b media

of equilibration buffer, with the breakthrough {unadsorbed)
fraction {139-8 ml) being collected (fibrinogen fraction).
Forty-one millilitres of equilibration buffer, containing
145 mm Na(l, was then applied and the resultant wash frac-
tion collected (low-NaCl wash). This was followed by 26 ml
of equilibration buffer containing 250 mm NaCl, at a flow-
rate of 48 ml/h, to elute factor VHI (factor VI fraction).

.Cleaning of the ion-exchange gel

Following collection of the factor VIII eluate, the chromato-
graphy bed was cleaned in situ by washing with 2 M NaCl,
followed by 0-1 M NaOH and then again with 2 u NaCl.
First, 25 ml of 2 M NaCl was applied to the column and the
eluate {15-2 ml) was collected from the beginning of the ‘salt
front' (first high-NaCl wash). Subsequently, 0-1m NaOH
(70 ml) was applied to the column and an eluate (39 ml)
was collected when the pH increased from 6-3 to > 12 (NaOH
wash). When the application of 0-1 » NaOH was complete,
the column was allowed to soak in NaOH for 1 h and then
subjected to a second wash with 2 M NaCl (42 ml). An eluate

volume of 8-1 ml was collected to capture the protein—:

containing fraction observed at this stage (second high-NaCl
wash). :

Determination of protein elution during the
ion-exchange process

Throughout the ion-exchange procedure, the output from the
column was monitored continuously by inline measurement
of the solution optical density at a wavelength of 280 nm
{OD,,) to detect total protein being eluted (Fig. 2).

Scale-down of the ion-exchange process

The small-scale jon-exchange procedure used in this study
was designed to give yields and purification for factor VIl
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|——— Samplc 7 (first hgh-NuaCl wash)
|-—————+ Samplc 8 (NaOH wratincat)

L—————% Sample 9 (second high-NaCl wash)

———t Sample 6 (factoc VIN)

Fig. 1 Aow diagram of the processes over
which partitioning of bovine spongiform
encephalopathy (BSE) 301V infectivity was
measured. EX, ion-exchange chtomatography.

4:

Fig. 2 Opticai density of fractions eluted during ion-exchange
chromatography of intermediate-purity factor Vit to which the bovine
spangiform encephalopathy (BSE) 301V micrasomal inoculum had been
added. (a) Fibrinogen fraction {110 mm NaCl); {6} low-NaCl wash {145 mu
NaCl); (¢} factor VI fraction (250 mu NaCl); (d) first high-NaCl wash {2 m
NaCl}; (e} MaOH wash {01 m NaOHJ; {f) second high-NaCl wash (2 m 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 collected into polypropylene
containers rather than stainless steel vessels. The OD,;,
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 ch:omatograph’y’
process, 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 pi) into

© 2004 Blackwell Publishing Ltd. Vox Sanguinis (2004} 86, 92-93
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weanling VM mice. Animals were observed carefully for up
to 547 days and scored for clinical signs, as described by
Dickinson ef al. [26]. BSE 301V infection in mice with clinical
symptoms was confirmed by histopathological examination
" for TSE-specific brain vacuolation, as described by Bruce
{27]. Surviving mice were killed between 539 and 547 days
following injection and subjected to histopathological exam-~
ination for evidence of asymptomatic infection.

Calculation of results

The degree to which mice were infected by a sample in the
bioassay was used to calculate the titre of infectivity from the
dose-tesponse, using the Kirber method [28]. When there
was no infectivity detected at the lowest dilution assayed, it
was assumed that the maximum amount of infectivity
present would be if the next lower dilution had 100% positive
cases. In order to minimize the number of animals used, some
samples were assayed at one dilution only. As the Kirber
- 'method is based on the dose-response, approximate titres of
301V were estimated from single-dilution data using the
dose-response curve of the initial ‘spiked’ material, prior to
the addition of solvent/detergent (sample 2). Infectivity titres
were expressed as ID,/mi. The extent to which infectivity

was removed by chromatographic processing is expressed by
a reduction factor (RF), calculated according to:

RE = log,[(T, x Vo) + (T x Vil]

Where T, = titre of 301V infectivity measured in the starting
material, T; = titre of 301V infectivity in the resultant frac-
tion, V,, = volume of starting material processed and V; =
volume of fraction recovered.

Results

The numbers of mice infected with 301V at different sample
dilutions are given in Table 1, together with the time taken
for the infection to be observed (mean incubation period).
The original microsomal inoculum and the “spiked’ solution
of intermediate-purity factor VIII, prior to and after treat-
ment with solvent/detergent, all exhibited a high degree of
infectivity. The mean incubation period for the microsomal
fraction {(sample 1), of 131 days at a 1072 dilution (Table 1},
was 11 days longer than we obtained previously [24].
However, the 301V titres measured in the solutions of
intermediate-purity factor VI, both before and after treat-
ment with solvent{detergent (Table 2, samples 2 and 3}, were

Table 1 Incidence of bovine spongiform encephalopathy (BSE) 301V infection in mice inoculated with different samples from an anion-exchange
chromatography process used in the preparation of fibrinogen and factor Vill concentrate

Sample difution
Sample Parameter 102 1077 107t 10 107 1w’ 1078
1. Micresomal inoculum Mice infectedfinoculated 12/12
incubation periods (days) 13110
2. PVlit solution, spiked Mice infected/inoculated 6f6 &f6 sfe 4f6 0f12 of10 o1
' incubation period (days) 135+ 1 145114 17412 198131 - - -
3. PVl sofution after S/O°  Mice infectedfinoculated 6fé 6/6 45 56 ofs of6. ofe
incubation period {days) 12618 147+ 18 mmzx2 186115 - -
4. Fibrinogen fraction Mice infectedfinoculated M2 o/t o/ 0/12
(110 mu NaQl) incubation peried (days) 204 1 41 - - -
5. Low-NaCt wash Mice infectedfinoculated 2fu
(145 mm NaCl) incubation period (days) 194£5
&. Factor VM| fraction Mice infectedfinoculated 12/12 6{n 112 o/n of12
(250 mm NaCl) incubation period {days) 166+ 20. 19319 245 - -
7. First high-NaQl wash Mice infectedfinoculated 6f6
(2 mNaQY) incubation period (days) 13849
8. NaOH wash Mice infectedfinoculated ofs
" {0-1 1 NaOH)
9. Second high-NaCl wash Mice infectedfinoculated ofs

(2 mNaCh)

Mean 1 standard deviation.

®S{D, after treatment with solvent and detergent.

© 2004 Blackwell Publishing Ltd. Var Sanguinis (2004) 86, 92-99
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Table 2 Distribution of bovine spongiform encephalopathy (BSE) 301V infectivity across different fractions collected during the purification of ﬁbrmogen and

factar VIll by ion-exchange chromatography

BSE titre

Volume of Total BSE infectivity % BSE infectivity Reduction

Stage/fraction 10, fml (tag,,) fraction (ml) in fractian, 1Dy, {log, ) in fraction factor (log, )

1. Micrasomal inoculum 73 100 83
Factor Vil process

2. Factor VIl solution (spiked) 67 932 87

3. Factor Vill solution after S/D° 68 986 88 10000

4. Fibrinogen fraction (120 mu NaCl) <38 1398 59° 013 229

5. Low-NaCl wash {145 mwu NaCl) <347 - 410 50° 002 . >38

6. Factor VI fraction (250 mu Na(Y) 48 200 61 020 27
Column deaning

7. Fisst hiigh-NaCl wash (2 m NaC1) 64 152 76 575 12

8. NaOH wash {0-1 m NaOH) <32 390 <48 < 0009 > 40

9, Second high-NaCl wash (2 s NaCl) <32 81 <41 <0002 >47

*Transmissible spongiform encephalopathy (TSE) titre obtained pfcwously [24].
S/D, after treatment with solvent and detergent.

“Maximum value on the assumption that 100% of animals would have been positive if the sample had been tested ata 107! dilution.
9Approximate TSE titre, estimated from bioassay at one dilution using the dose—response curve obtained with sample 2.

1Dy, infectious doses 50%.

" consistent with the original level of infectivity, suggesting
that aggregates may have formed during the frozen storage
of the microsomal fraction and that full dispersion was
only achieved after the microsomal fraction had been added
to the solution of intermediate-purity factor VHI. Although
there was a small apparent increase in 301V titre following
solvent/detergent treatment (Table 2), this was well within the
margin of error for TSE bioassay tifrations. Nevertheless, a
small increase in TSE titre is often detected after mild deter-
gent treatment or other disaggregating treatment {e.g. soni-
cation) and is probably a result of disaggregation, but may
also occur as an effect of the efficiency of titration [29].

The three fractions recovered from the ion-exchange pro-
cess, including the factor VIII fraction, all contained 301V
infectivity. However, the quantity of infectivity present in .
each of these fractions was much less than that of the starting
material. From these data it was calculated that with respect
to the feedstock to ion-exchange chromatography, 301V
infectivity was reduced by 2-9 log, in the fibrinogen fraction
and by 27 log,q in the factor VHI fraction {Table 2). It was
also estimated that less than 0-4% of the 301V infectivity
present in the feed to the jon-exchange process {sample 3}
was recovered in the fractions collected up to and including
the factor VIII fraction (Table 2), indicating that 93-6% of the
added infectivity remained bound to the jon-exchange
matrix following the recovery of factor VIIL

In the procedure used to clean the jon-exchange gel
between uses, we found that a significant degree of infectivity
desorbed into the first 2 s NaCl wash (Table 2). Subsequently,
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no 301V infectivity was detected in either the fraction re-
covered following treatment with 0-1 3 NaOH nor in the second
2 M NaCl wash, despite further protein being desorbed at this
point, according to the OD,,, profile {Fig. 2, peak f).

Discussion

Despite considerable concern that haemophilia patients might
be infected with vCJD by treatment with plasma products
[15,30-33], few studies have been undertaken to determine
how TSE agents distribute over processes used to manufac-
ture factor VII concentrates [7,34]. Inh modern factor VIII
concentrates, a high degree of purification is obtained by
chromatographic processing {35), yet information is available
from only two studies concerning chromatographic purification
of factor VIII, both of which employed scrapie 263K as the
TSE model. Foster et al. [16) reported a 3-1 log,, reduction of
PrP5¢ using a DEAE ion-exchanger, and Drohan has observed
removal of a total of 3-5 log,, ID,, over QAE ion-exchange
and 4-6 log,, IDy, over immunoaffinity chromatography
[34). Similar studies concerning ion-exchange purification
of albumin and other plasma proteins have reported log;,
reduction factors ranging from 2-2 to 5-2 [16,36,37].

If the agents responsible for BSE and vCID share distinct
properties, which are preserved on transmission to humans
and mice, then 301V in mice may be a more suitable model
than serapie in experiments of this type. Our study with 301V
was designed to allow a comparison to be made with scrapie
263K and we found that the reduction factors for fibrinogen

© 2004 Blackwell Publishing Ltd. Var Sanguinis (2004) 86, 92-99
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Tzhle 3 Transmissible spongiform encephalopathy (TSE) reduction over
ion-exchange chromatography using Toyopear! DEAE-650M: comparisons
between scrapie 263K [16] and BSE 301V

- 3
Fraction from the jon-exchange TSE reductin factar {log,o}
process Scrapic 263K*  BSE 301V¢
Fibrinogen {non-adsorbed fraction) 235 29
Factor Vil fraction 3 27

*Reduction factors were calculated with reference to feedstock after
treatment of the ‘Spiked’ starting material with solvent/detergent.
SFeedstock ‘spiked’ with the microsomal fraction; distribution of abnormal
prion protein (PRP™) was detenmined by Westem blotting.

“Feedstock ‘spiked’ with the micrasomal fraction; distribution of infectivity
was determined by murine bioassay.

and for factor VII using 301V were similar to, but slightly
lower than, those obtained using scrapie 263K (Table 3),
probably because of the higher level of infectivity found.in
brain tissue in the 263K model [24]. In contrast te our work
with 263K, some residual 301V was detected in the non-
adsorbed ({fibrinogen) fraction, probably as a resuit of the
greater sensitivity of the bioassay compared with determina-
tion of PP by Westem blotting.

By examining all of the fractions resulting from the ion-
exchange process, we were able to obtain a more comprehen~
sive picture of where TSE infectivity was distributed than has
previously been available for a chromatographic process.
Nevertheless, it is not clear why some residual 301V infectiv-
ity partitioned into each of the three process fractions, the
fibrinogen fraction, the low NaCl wash and the factor VIII
fraction. Either the microsomal inoculum contained small
subfractions of infectivity, each of which partitioned differ-
ently to the bulk of 301V, or some unbound infectivity
remained in the flow-through (the fibrinogen fraction)
and some bound infectivity desorbed into process fractions
owing to the quantity of 301V exceeding the adsorptive
capacity of the ion-exchange column. The latter explanation
seems the most plausible, but further studies will be required
to determine whether or not this was the case.

Treatment with solvent/detergent was included in order
to model the overall manufacturing operation. Previousty,
the clearance of scrapie 263K was found to be similar over
different ion-exchange processes, regardiess of whether
solvent/detergent treatment was included [16). In the
ion-exchange process studied here, both polysorbate-80 and
tri(n-butyl) phosphate remain in the unadsorbed (fibrinogen)
fraction and are therefore unlikely to have influenced 301V
adsorption, other than perhaps by reducing the potential for
PrP% in the starting solution to aggregate.

In previous studies concerning the behaviour of TSE
agents over chromatography, only a very small proportion of

© 2004 Blackwell Publishing Ltd. Vor Sanguinis (2004) 86, 92-99

the scrapie was accounted for, leaving uncertain the fate of
most of the TSE agent added. The high cost of chromatogra-
phy reagents used in the manufacture of pharmaceutical pro-
teins means that chromatographic media are reused many
times, with batches of particularly expensive reagents being
reused for a number of years. It has been shown that a virus
bound to an ion-exchange matrix can remain adsorbed and

. then be eluted subsequently after multiple uses {38]. There-

fore, it is important to determine if vCID infectivity remains
bound to a chromatographic matrix and, if so, whether or not
this might result in the subsequent contamination' of future
batches of factor VI concentrate processed using the same
chromatography bed. Our results indicate that over 99% of
the added 301V infectivity remained bound to the ion-
exchange resin after factor VIII had been eluted. However, a
significant amount of infectivity was removed in the first of
two washes with 2 m NaCl, with no infectivity being detected
subsequentty, either after treatment with 0-1 M NaOH or after
the second wash with 2 u NaCl. Given the degree of error
associated with the murine bioassay, it is possible that all

- 301V infectivity remaining was desorbed by the first 2M

Na(l wash. However, Taylor has found that = 6 logs of 301V

“infectivity was inactivated by 0-3 M NaOH in demineralized

bone after the high load of lipid and protein associated with

'brain-tissue had been removed [39]. Therefore, it is conceiv-

able that our treatment of the gel with 0-1 M NaOH, follow-
ing cleaning with 2 M NaCl, may have inactivated some
301V infectivity that might otherwise have been detected in
the protein fraction desorbed at the second 2 M NaCl wash.
Whatever the precise mechanism responsible, the absence of
detectable infectivity after a second wash with 2 m NaCl
suggests that our cleaning procedure may have been effective
in eliminating all of the 301V infectivity that remained
bound after elution of factor VIIL If any 301V infectivity did
remain bound to the gel following cleaning, the strength of
adsorption involved suggests that this would be unlikely to
elute into future preparations of factor VIIL Further studies
are required to determine if any undetected infectivity re-
mained bound to the jon-exchange matrix after completion
of the cleaning procedures. '

Our study examined the ion-exchange matrix on its first
use. In our manufacturing operation this matrix is replaced
after 10 uses, with no general change in performance being
observed with this degree of use. However, further studies are
required to determine if adsorption/desorption of TSE agents
will differ over the lifetime of such reagents {40}. ,

To interpret our results correctly, it is necessary to be aware
of the limitations that concern studies of this type. There are
two particular points to note: the nature of the TSE prepara-
tion used, and the sensitivity of the method of detection. In
order to measure reduction factors over chromatographic
purification of factor VIIL it is necessary to challenge the
chromatography procedure with a relatively high titre of TSE
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agent. We used a microsomal fraction for this purpose, for
two reasons: first, by removing whole cells and large fragments,
the method of preparation was similar to the separation of
plasma from whole blood; and, second, to permit comparison
of -the results from this study with those from our earlier
experiments with the scrapie agent in which a microsomal
fraction was also used [16,24]. No specific measurements

were performed to characterize the microsomal fraction,.

other than to titrate it for TSE infectivity. However, no sig-
nificant TSE reduction has been observed over leucofiltra-
tion, using either endogenously infected murine plasma [41]
or blood spiked with the microsomal fraction {42}, indicating
that, with respect to leucofiltration, the micresomal fraction
contains PrP> of a comparable state to that derived from an
endogenous source. Nevertheless, the extent to which 301V
infectivity from the micosomal fraction represents the vCID
agent as it would exist naturally at the intermediate stage of
the factor VIII manufacturing process, has still to be estab-
lished. Finally, our measurements on the procedure used to
clean the jon-exchange matrix, and our inability to achieve
an exact mass balance, were limited by the sensitivity of the
murine bioassay (Table 2). This was constrained by dilution
of the samples to make them suitable for intracerebral
inoculation, the small volume of sample tested and the
number of animals employed, which was minimized for
ethical reasons.

Conclusions

This experiment has resulted in a number of important obser-
vations. First we have 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 VIII. Third,
the cleaning procedure used to sanitize the ion-exchange
matrix between uses was effective in eliminating a signific~
ant proportion, and possibly all, of the BSE-derived agent
‘that remained bound after the elution of factor VIII. Finally,
our results were similar to those obtained previously using
hamster-adapted scrapie, suggesting that scrapie 263K
may be a suitable TSE model for using to estimate the
partitioning behaviour of the vCID agent over ion-exchange
chromatography.
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