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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
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illustrauve figu
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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.
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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:
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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].
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