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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
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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

Haemophilia (2002}, 8, 63-75




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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-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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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,
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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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