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An update on the assessment and managemens ¢
transmission of variant Creutzfeldt-Jakob d:
and plasma products

Marc L. Turner and Christopher A. Ludiam
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Summary

There have been four highly probable instances of va
Creutzfeldt-Jakob disease (vCID) transmission by ne
cyte depleted red cell concentrates and it is now +
infectious agent is transmissible by blood cam
there in no reported evidence that the infection
been transmitted by fractionated plasmia prodi
VIII concentrate. This review outlines current and po

France

risk management strategies including donor deferral criteris
the potential for donor screening, blood companent pro

P Spa
55 have been methior
ing and prion reduction filters, plasma product manufacture protein gene (Fi
and the difficulties in identification and notification of those curvent inci

considered “at risk of vC]D {or public health purposes’.

Keywords: Creutzfeldt-Jakob -disease, blood, plasma producis.

This review offers an update on our recent assessment and
management of the risk of transmission of variant Creutzfeld:-
Jakob disease (vCID) by blood components and plasma
products (Ludlars & Turner, 2005). As that review surveyed
perceptions on the nature of the prion agent, the spectrum of
prion diseases in animals and man, and the ran

studies relating to pathogenicity and infecti
which still represents the current level of kno
topics are not reviewed again here, other than wiicre
new relevant studies have been published, This ..
focuses on the state of the art in refation to the silety ;
components and plasma products, whicii has also been
reviewed elsewhere (Farrugia et af, 2005; Dolar, 2008; Ira:-
side, 2006 and Clarke et af, 2007).

To date,  total of 203 probable, or defiriie, cases o7 vCID
have been reported worldwide, of which 166 hav nin the
UK, 23 in France, four in Eire and Spain, three i the USA,
and one in cach of Holland, Portugal, ltaly, Saudi Arabis,
Japan and Canada (hitp://www.cjd.ed.ac.uk/vejiworic him’
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Edinburgh shares information about new cases of vCID with
the Blood Transfusion Services, which search their databases to
ascertain whether these patients have been blood donors in the
past. In this event attempts are made to identify the fate of the
blood components (http://www.cjd.ed.ac.uk/TMER) and trace,
notify and monitor living recipients. The ‘reverse’ arm of the
TMER study altempts to identify which individuals who
develop vCID have received blood transfusions and to identify
the donors.

Eighteen patients with vCJD have, or had previously, been
blood donors, from whom a total of 66 recipients have been
identified, 26 of whom are still alive. Of those who have died,
four cases of transmission of vC]D prions have been identified
(see below). Many of these patients however will have died of
their underlying conditions within 5 years of the implicated
transfusion and will not have had time to show clinical
evidence of vCID if infected.

The first symptomatic case of vCJD disease associated with
blood transfusion was identified in December 2003. This
individual developed vCID 65 years after transfusion of red
cells donated by an individual who developed symptoms of
vCID 35 years after donation (Llewelyn et al, 2004).

A second case of transmission was identified a few months
later in a recipient of red cells from a donor who developed
symptoms of vCID 18 months after donation. This patient
died from causes unrelated to vCID 5 years after transfusion.
Postmortemn investigations found. abnormal prion protein
accumnulation in the spleen and a cervical lymph node, but not
in the brain, and no pathological features of vCJD were found
(Peden et al, 2004).

A third patient developed symptoms of vCJD 6 years and
died 87 years after veceiving a transfusion of red blood cells
frony a donor who developed vCJD about 20 months after this
blood was donated (Health Protection Agency 2006).

The fourth case of transmission developed symptoms of
vCID 8'5 years after receiving a transfusion of red blood cells
from a donor who developed vCJD about 17 months after this
blood was donated. The donor to this patient also donated
the vCJD-implicated blood. transfused to the third patient-
(Editorial Team, 2007).

All four patients received transfusions of non-leucodepleted
red blood cells between 1996 and 1999, Since October 1999,
leucocytes have been removed from all blood used for
transfusion in the UK. .

These data therefore demonstrate clearly that non-leuco-
depleted red cells from asymptomatic individuals incubating
vC]D can transmit the infection by blood transfusion to other
individuals and that the risk of them doing so is relatively high.

Donor deferral criteria

There has been litile substantive change in blood donor criteria
since our previous review (Ludlam & Turner, 2005). Whilst
other countries continue to defer those who have spent more
than a specified cumulative period of time in the UK, within
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Importation of blood components

Since our last report (Ludlam & Turner, 2635, the use of
imported methylene-blue treated fresii frozen plasma (FUP,
has been extended 1o all patients under the age vf 15 years and
to high users. Solvent detergent-ireated FFP is rccammenden
for patients undergoing plasma exchange ©r thrambotic
thrombocytopenic purpura on the grounds that there is seme

evidence to suggest that methviene-biue treaes FFP has a

group (Advarer-

Larran et al, 2004), Consideration co:
around the possibility of imporniing FFP
for additional groups of patients. inip
likely to be impractical given the si
products. However, it may be possible
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Advances in the development of a screaning test

As previously noted (Ludlam & Turns BESTEITS SR
acid transmission nor immunological responses have Leen
clearly identified in association with transinission of pnon
diseases, rendering standard molzcular and seralozical s

ing assays unfeasible. Surrogate muarkers, such is 14-3.3, S193
and erythroid differentiation-reiated factor, have thus far
proved insufficiently sensitive and s

vaiue. Considerable progress has however e

development of assays for the abnormal conto
protein, Prp'%t,

Normal prion protein (PrP©} is 8 widel
230 amino acid giycosyl-phosphatidylinos:
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Epi
with the canlormation-dependent immunoassay (CDI), which
is predicated on the observation that some PrP epitopes are

1ot . ie . . .
masked within the Prp’®® aggregate. An increase in signal

it

procduced by a labelled monoclonal antibody by a
! ¢ hydrochloride when
ive (un-denatured) sample denotes the
P¢ gives the same signal intensity under

etured  using  guan

compared with

iSE
presence of PrP

both conditions). The sensitivity of the technique is increased
through the use of highly sensitive dissociation-enhanced
lanthanide fluorescence immunoassay for antibody detection
. in some versions of the assay, the use of PK to reduce
around signal (Safar et ai, 1998, 2002). CDI appears to
achicve greater sensitivity than immunoblot (Bellon et al,
2003} and, in the format including PK, may approximate the
sensitivity of infectivity assays (Bruce er al, 2001). In the

ahsence of PK it appears able to detect PX-sensitive forms of
Pre’™", though it remains unclcar as to whetheér these are

irlections or not {Belion ef al, 2003).

The epitope-protection assay developed by Amorfix uses a
plope-p Y P Y

ical rodification process which alters cpitopes on normal

Pe? bt not those buried within Pri "™ agsregates. The latter

and the conserved epitopes detected

. disaygrega
using imnanodetection methods (http://www.amorfix.com).

PeapleBio have deveioped an approach where a single
antibody is used {or both capture and detection steps leading
to the blocking of available epitopes by the capture of Prp€ but

not PrpitE,
Pre % specific monoclonal antibodies. Several antibodies have

now  been  developed that appear to be specific for
rmation-dependent epitopes present in PrP'E but not
Pr™ (Karth et al, 1997; Paramithiotis ef al, 2003; Curin
Serbee er al. 20045 Zou et al, 2004). On these, the antibody
1533, described by Korth ef ol {1997} and manufactured by

Prionics, is ¢ st characterised and has proved capable of

detecting infectivity in the peripheral bload of scrapie-infected
sheep and BSE-infected cattle in the absence of PK digestion
lockels/ACH6/5lides/2006-4240S 1 _

9.ppt). Three other anubodies (Paramithiotis et al; 2003;

(htipy/fwsww. (da.goviohim

Curir Serbec ¢z al, 20040 Zow ar al, 2004) also appear specific
10 Pr2"" but have not yet been tianslated to routine assay

format.

tope unmasking/masking. More success has been achieved
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Prp"S - specific ligands. A variety of other ligands have been
shown to bind selectively to the abnormally conformed
molecule. Plasminogen has been proposed as a means of
selective binding PrP "™, but as it can also bind to a variety of
other proteins it is therefore unlikely to be sufficiently specific
for assay development (Fischer et al, 2000).

Polyanionic compounds are known to selectively bind
PrP"* and this property has been employed in the Seprion
assay (Lane er al, 2003), which uses coated magnetic beads to
capture the molecule. The assay is not dependent on PK
treatment and is not species-specific provided ‘a suitable
detection antibody is used. It is licensed for postmortem
diagnosis of BSE and Chronic Wasting Disease and is reported
to be able to distinguish between infected and uninfected
blood in scrapie-infected sheep and a small number of human
samples.

The approach developed by BioMerieux involves PK diges-
tion, precipitation and denaturation followed Ly reticulation
by streptomycin, chemical -capture by calyx-6-arene and
detection of the macromolecular aggregates by labelled
monoclonal antibody  (http://www.fda.gov/ohrms/dockets/
AC/06/slides/2006-4240S1_9.ppt). Detection of PrP™F in 2
small number of plasma samples from scrapie-infected sheep,
BSE-infected cattle and CJD-infected humans has been
reported.

Adlyfe have developed a third approach utilising a synthetic
peptide based on the region of the PrP molecule involved in
the PrPS-PrP"*E. conformational transition. The peptide

" sequepce is coupled to its mirror image as a palindromic

molecule fluorescently labelled at each end. When incorpo-
rated into PrP"*E the peptide folds into a hairpin with a beta-
sheet conformation and the flurophores stack and change their
fluorescence wavelength. Further, the folded ligand induces
further molecules to adopt the folded conformation and thus
amplifies the signal (Grosset er al, 2005). Thie assay is reported
to have discriminated infected from uninfected plasma in
natural and experimental scrapie, BSE and CJD,

Chiron have utilised . (http://www.fda.gov/ohrms/dockets/
'AC/06/5lides/2006-424051_9.ppt) a synthetic PrP polypeptide
to capture PrP™¥ on magnetic beads with detection by
monoclonal antibody in an ELISA format.

Amplification. Two methods have been used to amplify the
detection signal. Screening for intensively fluorescent targets

utilises double labelled antibodies, more of which bind to

PrP"™¢ aggregates than to PrPC and giving rise to a stronger
fluorescence signal (Bieschke et al, 2000). Immuno-polymerase
chain reaction (PCR) also provides a method of amplifying the
signal from an antibody or ligand conjugated to a nucleotide
sequence utilising the PCR (Barletta er af, 2005).

Two further approaches have been developed that result in
the amplification of PrP™™® itself. The first of these, protein
misfolding cyclic amplification (PMCA) has given rise to
considerable excitement, PrP™>t seeded into an excess of PrPC
leads to formation of new PrP™E. That PrP™t is then

> Blackveell Publishing Ltd, British Journal of Haematology, 144, 14-23 . : 17
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Table 1. Residual infectivity distribution in a unit of leucodepleted red
cell concentrate,

Log reduction Residual Residual Residual
tn infectivity leucocytes plasma infectivity
Leucodepletion alone 02 130 1302

1 Log 02 13 132

2 Log 02 13 15

3 Log 02 013 033

4 Log 02 0013 0213

The data represents the likely distribution of residual infectivity in a
unit of leucodepleted red cell concentrate prepared by a bottom and
lop processing inethod (with 2 residual plasma volume of around
10 ml).

Assuming 10 ID/ml infectivity in whole blood with 40% (i.c.4 ID/mi)
being removed by leucodepl

and the remainder residing in the
plasma (i.e. for a haematocrit of 045 a plasma concentration of
approximnately 13 D/ml), around 130 1D remains in the unit’s plasma.
Hence up to approximately a 3 log further reduction is required to
reduce the risk of transmission to <1 ID/unit.

reduction filters will have to undergo independent assessment
of clinical safety and efficacy within a series of studies managed
by the UK and Irish Blood Services and agreed with SEAC
and the Advisory Committee on the Safety of Blood, Tissues
and Organs (http://www.advisorybodies.doh.gov.uk/acsbto/
index.htm). Part of the problem for both manufacturers and
Blood Services is the absence of assays capable of detecting
either PrP"E or infectivity in the peripheral blood of patients
with vCJD. Assessment of the efficacy of the technology is
therefore based on. brain homogenate spikes (where baseline
infectivity is sufficient to detect a 3—4 log reduction but the
physico-chemical form of the spike is.unlikely to be similar to
that of plasma based infectivity), and endogenous infectivity
studies {where the form of infectivity is likely to be more
relevant, but the baseline infectivity is sufficiently low that little
more than a l-log reduction is detectable). There remain,
therefore, fundamental questions relating to the clinical
relevance of different forms of spike material and general
applicability of these kinds of studies to the human situation.
The potential for deleterious effects on the red cell coricentrate
itself are also a matter for concern, both in terms of the
possibility of alterations to the rheological or antigenic profile
of the red cells and the loss in the volume of the additional
filter. The latter would have a particular impact if used in
conjunction with bottom and top processing, the combined
effect of which may reduce the red cell mass in a concentrate
below current standards, necessitating additional transfusions
for some individuals. .

With regard to platelet concentrates, re-suspension in
optimal additive solution rather than plasma would reduce
the amount of residual plasma by around 65% to 80-90 ml.
This would still contain more than enough infectivity to
transmit infection to the recipient under even the most
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optimistic of the current infecivity ass

to be ineffectual. Prion reducion Rlters .

applicable o either platelet conenirates

Plasma product manufacturing

[t is reassuning that o date i
product has developed vCiD
the first description of vCID a

concern that the UK plasimia supply might have
transmit the infectious agent and that piasriz «

countries where there were few or no cases of

silian af

controversy, the regulatory authoritics moved 1o

allowing, and subsequently mundating ths pas
products manufactured in the UK should valy be made from

plasma imported from parts of the world at lew risk
In an atternpt to help define the risk of P2 fransmissio

by plasma-derived products, detailed
undertaken to assess how prions are part:
plasma fractionation process, mainly by spi
plasima with “exogenous' prion derived {roin brain
ates of experimentally infected animals. The i
weaknesses of this approach are similar 1o i
above in the discussion around the assessment o
In general there was least clearance of prion in tiwe
of factor VI, X and antithrombin co

clearance in the preparation of intravenous, i

and greatest cicarance in the manufacture of
1999).
The way in which different countiics res;

that plasma products might transmit the int

varied and depended partly on perceivad

of donors who might be inlect

HUS a5 Wl

plasma fractionation technigues

data on the likely range of infectivity in b

1o Guan

clinical infection, a risk assessmient was undura
the risk of recipients of such products being

Incidents Panel have taken the view that an individ
>1% additional risk of exposure to an infect

should be notified and managed as ‘at risk

purposes’.
To date a total of 174 ‘implicated’

products have been identified as having

from a pool of plasma to which ar individual

subsequently developed vC]D (Tiewitt er al,

these batches a detailed risk assessment was carrivd out thar

included the I rureber of donalions inciuded in the pans
the details of the plasma lractiznation

¢
manufacture and (conservative}

lative reduction in infectivity o

The outcome was expressed as the likely o

which an individual would have had to be expase to increass
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the perfarimance of hinpsizs with gastrointestinal
secauss the s ¢ would probably

st hmplications are

sigraficant because the endoscopes cannot be decontaminated
rded. Both upper and lower
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and must elfectively be disca
gastrointestinal endascopies withour blopsy do not result in

tie mstrument being consulered as poientually ‘contaminated’

and it can therefore be reused an other paticnts after standard

sroceate. The concern about possible contamination
sraments has also led te an increased use of capsule
tndoscopies, which give good unapes but cannot be used to

Llopsy or treat get lesiens

Although no individuals with hacmophilia have thus far
veloped vCID and a retrospective study of autopsy samples

from tdividuals with haemophiiia in 1998 showed no

ce of sub-clinical infection, it has been important to

wry ana gather more data (Lec e all 1958 This has not been
easy fepends upon procenng appropriate tissue samples

prospeetively from individuals undergoing dlinically necessary

surgery 10 addition 10 consent for autopsy. In addition it has
1 of the extent of
exposure of individuals to "troplicated” bat-hes of concentrate,

as wail as all vecipicnts of UK ¢i

been important to try and

evelop a rece

3§ facic r concentrates over
is beiag co-ordinated by
Hacmepailia Centre Doctors” Organiation by accumu-

e data for subsequent anonymised studies.

vear period of exposure. Th

Communication with patients and the general
public

Keoping secipients of bload and blood swoducts informed
about the carrent state of knowledge and in particular
informing individuals about their individuai risks has proved
chaliengirg because of thie complexity and uncertainty inher-

entin our understanding of the field. It has been important for

there 1o be dose collaboration between those able to assess the

nsic of vCID infection, phvsi respansible for clinical
servdices and patient organisations epresenting those poten-
tially affected. For those wha have received blood components

from donors who subsequently ceveloped vCID, the risk of

e oG s fu b and these individuals

fave heen contacted on an individual basis and offered

counseling and specialist foilaw-up. Similacly, blood donors

» have donated blond administered to @ patient who later

opec vCID have been coniacted and are managed- as “at

blic healih purposes’. {n 2004, all patients with

re seal a letter stating whetlier or not they had

¢ oot received UK plasn

‘erived clotiing concentrates
1586 and 2001, irrespective of whet'ser or not they had

received UK plasma products, because in an earlier mailing

tisk’ greup were contacted

about this topic only

ctrers not knowing whether they

acern potentialiy expossd or whether their letter had
ofizred the opportunity for
. Itis this attention to the detail of how

inothe post. Al were

b Acinors

on @ 2208 S

seutnal Coonpe )
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patients are informed that is critical in trying to ensure that
individuals feel confident in the arrangements.

For patients potentially exposed to other implicated plasma
products, the issue of traceability and notification have proved
more problematic. Whilst patients with primary immunode-
ficiency share a similar close long-term relationship with their
physicians, those receiving immunoglobulin for other clinical
indications or high doses of albumin {for example during
plasma exchange), are often discharged following their acute
care. The absence of a general system of traceability for plasma
products and of searchable clinical notes has made the follow-
up of the latter groups of potentially exposed patients highly
problematic.

Condluding remarks

Three years after our last review (Ludlam & Turner, 2005), the
management of the risk of transmission of vCJD by blood and
plasma products remains highly challenging. Whilst the
diminishing number .of clinical cases is reassuring, there are
continuing uncertainties sunouﬁding the prevalence of sub-
clinical disease, the level of infectivity in peripheral blood of
such individuals, and the overall risk of transmission and
development of clinical disease. Much progress has been made
in the development of new technologies, such as prion filters

- and prion assays, but assessment of these is problematic and

cost and countervailing risks need to be considered. Accurate
and timely communication with the general public and with
those who are considered to be at increased risk of exposure
remains essential given the continuing complexity and uncer-
taintyof the field.
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summary

Whereas plasma-derived clotting factor concentra

a very good safety record for not being infecti
s arisen about the pessin:

enveloped viruses, concerr b
prion diseases might be transmitted by blood pradu
is epidemiological evidence that classical sporadic <
Jakob disease (CJD) fs not transmitted by blood ir:
There is now good evidence that the abnormal prio:
with variant CJD can be transmitted by transfu

blood components and infect recipients. To reduce ¢

the pathological prion in the UK infecting recipients
factor concentrates, these are now only man
imported piasma collected (rom countries where

been bovine spongiform encephalopathy (BSE} . catie
the risk of variant CID in the. population .
considered negligible. The safety of these co
enhanced because prion protein is, to an appre
excluded by the manufacturing process from the
To help reduce the chance of prion transmission ¢

products, donations are leucodepleted, there is
of imported fresh frozer plasma (especialy
children) and potential donors, who have been
blood since 1980 (the beginning of the BSE epideimc i catt.

are deferred.

Keywords: variant Creutzfeld Jakob discase, trans
demiology, safety, haemophilia. L

Emerging pathogens will always chalienge th
transfusion. Whilst the risk of hepattis B
hepatitis C virus (HCV} or human immun SR -
(HIV) transmission by blood components &nd i
ucts is now small (hitpy//www.eurosurveiliznce.

potentially transfusion-transmissi
emerge.

Many challenges were posed by the eme
Creutzfeldt Jakob discase (CjD) in 1956 (
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addition, a critical polymorphism at codon 129 coding for
mcthionine or valine leads to significant variation in the
pubility to, and incubation petiod of, human. prion
In the UK, 37% of the gineral population are
ous for methionine at this locus, 11% are homozy-
gaus for valine and 52% heterozygous. Methionine homozyg-
osity is much more common than expzcted amongst patients
with CJD (vide infra). PrP is inserted into the cell thembrane
predominantly via a glycosylphosphatidyl inositol (GPI)
anchar, although transmembrane and soluble forms have also
been described. The glycoprotein is predominantly located in
calveolar zones in the cell membranc and is estimated to have a
half-life of around 6 h, being internalised into endosomes with
a proportion recycling to the cell surface (Shyng et al, 1993).
The function of the protein remains unclear, it has been shown

to bind to a laminin receptor precursor protein (Martins et al,
1997; Rieger et al, 1997) and act as a copper metalloproteinase
(Brown et al, 1997a). PrP null mice appear to develop
vormally although some sirains show subtle neurolagical
abnormalities (Tobler et al, 1996). Prion formation involves
changes in the secondary and tertiary conformations of the PrP
molecule: up to 40-50% of the molecule can be in the form of
beta-pleated sheet, mainly at the expense of the membrane-
distal unstructured region. This changes the physicochemical
propertics of the molecule and engenders relative resistance to
proteinase digestion. Prion protein aggregates (PrP¢) are
deposited in cells and tissues leading to the formation of
the nervous system to neuronal

amyioid-like plaques and i
iosis and spongiform change.
aism by which PrP® is converted to PrP* remains

as coes its precise role in the actiology of the disease.
The prioh hvpothesis (Prusiner, 1998) proposes that the PrPs
moiccule itsalf converts PrP° to the abnormal conformation,
cither through a process of heterodinmerisation or through

nuclear polymerisation (Aguzzi & Weissmann, 1997). PrP% is
relatively resistant to proteinase-K digestion and different
molecular strains of disease can be identified by the balance of
di-giycosylated, mono-glycosylated and non-glycosylated spe-

tig
peak ",us[ra[c< the potential for sccondary spread by haematogenous spread. Reptinted from Collins et al (2004) with permission from Elsevier.

cies. Several molecular strains of PrP% occur in sporadic CJD;
however, only a single strain of PrP¥ is found in variant CJD,
which is similar to that seen in naturally occurring bovine
spongiform encephalopathy (BSE) in cattle, and BSE trans-
mitted naturally and experimentally to other animals (Collinge
et al, 1996; Hill et al, 1997a). Evidence that variant CJD and
BSE represent the same strain of prion disease also stems from
infectivity studies in a prion disease strain typing panel of
inbred experimental mice, where the patterns of incubation
period and neuropathological targeting were similar and
differed from those seen in sporadic CJD, scrapie and other
prion diseases (Bruce et ai, 1997).

Prion diseases in other species

A range of prion disorders have been described including those
involving the SuP35p and Ure2p proteins in yeast, which
appear to be non-pathogenic and convey a survival advantage
under certain circumstances (Burwinkel et al, 2004),

Scrapie was first described as a disease of sheep and goats
over 250 years ago and demonstrated to be experimentally
transmissible 50 years ago (Aguzzi & Polymenidou, 2004).
There is no evidence that scrapie has ever transmitted to man.
The only other known self-sustaining animal prion disease is

chronic wasting disease in mule deer and elk in several states of

the USA. Again there is no current evidence that this disease
has transmitted to man.

BSE 'was first described in UK cattle in 1985 (Wells et al,
1987) and is thought to have spread through oral consumption
of ruminant-derived meat and bone meal (Wilesmith et al;
1988; Brown, 1998). The disease spread widely, peaking in
1992 with over 180 000 clinical cases in the UK, although
mathematical estimates suggest that 1-2 million cattle could
have been infected but slaughtered and entered the human
food chain before they were old enough to demonstrate
evidence of clinical disease (Fig 1) (Anderson et al, 1996). BSE
has crossed into up to 20 other species, including domestic and
exotic cats (Wyatt eral, 1991; Kirkwood & Cunningham,

14 © 2005 Blackwell Publishing Ltd, British Journal of Haematalogy, 132, 13-24

1994) and exotic ungulates in British zoos. In July 1933, th
spread of BSE led the UK Government to restrict t c

ruminant-derived meat and bone meal a5 an animal
in November 1989 specified that bovine offals were ban
human consumption,

sporadic Creutzfeldt Jakob diseases

Sporadic CJD was the first described human prion discase, 1:
uncertain aetiology, has a worldwide distribution 2
" incidence of around one per million population per yes
et al, 1998). The median age at onset is around 68 y
the disease is characterised by a rapidly progressive d
leading to death in around 4—6 months. The incidence
disease varies with the codon 129 genotype of the PRNP
with 83% of patients homozygous for the expres
methionine at this locus (Deslys et al, 1998). Molecular

on of

strain
typing suggests that six forms of disease are depend
codon 129 phenotype and strain of prion disease. Onc of the
pathological hallmarks of sporadic CID is the restriction of

ent on

accumnulation of plaques of prion protein to the ¢
nervous system (CNS). However, with recently de
rore sensitive techniques, prion accumulation has al:g
been reported to be present in peripheral nerve (Fave
et al, 2004) as well as in muscle, lymphoid tissue and o7,
epithelium (Glatzel et al, 2003) at an advanced stage of
disease.

Although there are a small number of reports c
transmission of sporadic CID by inoculation of biao
patients with clinical disease into experimental rodents
uelidis et al, 1985; Tateishi, 1985), these results have nn

_supported by further studies in primates (Brown et al, ;-
- Simnilarly, although there are a handful of reparts of s

CJD arising after. blood or plasma product transfusion {¥icn
& Dumble, 1993; Creange et al, 1995, 1996; de Silva,
Patry et al, 1998), in none of these has a causal link to s ¢
with CJD been established. Moreover a series of epider
ical case control (Kondo & Kuroiwa, 1982; Davanipou i
1585; Harries-Jones et al, 1988; Will, 1991, Wientjens + «
1996; Van Duijin et al, 1998; Collins et al, 1999), lo
(Esmonde et al, 1993; Heye et al, 1994; Operskalski & »
1995) and surveillance (Evatt, 1998; Evatt et al, 1993; Le
1998) studies carried out over almost 25 years have
demonstrate evidence of transmission of sporadic C
blood components or plasma products. It seems
therefore that the preclinical incubation period ia spo
CID is ‘sufficiently short, or peripheral blood infectiviiy s Varlant CID wa
sufficiently low, as to make transmission of the disc ‘ ;

blood components and/or plasma products at worst 2 very
event (de Silva & Mathews, 1993; Brown, 1995; Ricketts e
1997; Will & Kimberlin, 1998).

Thus, although individuals suspected of having spor
CID are permanently deferred from blood donation, no o
" precautions, such as withdrawal of plasma products if
donor has contributed to the plasma pool, are underty

Variant CiD
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ol Creutzfeldt Jakob disease.

Numer  Incubation period (months)

i 12-28
z 16-20
20 18-216
1 16-320
42 350-456
5 144-192

ons transmitted by peripheral
fection is directly in the brain
: permission from  Blackwell

-, but magnetic resonance
ve, with changes in the
majority of cases.

discase is characterised by neural
iarm change with particularly

athognomic feature (Fig 2)
den It [ronside, 2004). To date all

2 and ifead {

clinical cases of variant CJD have occurred in methionine 129
homozygous individuals; it seems likely that valine homozy-
gous and methionine/valine heterozygous individuals are more
resistant to infection or, if infected, to the development of
clinical variant CJD. In this context it may be relevant that
methionine 129 human prion protein oligomises more rapidly
with beta-sheet formation whereas 129 valine tends to form
alpha-helix rich monomers (Tahiri-Alaoui et al, 2004), Fur-
thermore it is of interest that following inoculation with
prions, mice homozygous for human methionine developed
‘typical’ variant CJD, whilst those that were homozygous for
valine appeared more resistant to infection and when this
occurred, the clinical and pathological features were more
similar to sporadic CJD (Wadsworth et al, 2004). It is
noteworthy, in this context that the second case of probable
variant CJD prion transmission by blood transfusion was
recorded in a methionine/valine heterozygous patient whao did
not develop clinical features of the disease despite surviving
5 years after transfusion (Peden et al, 2004). This patient had
been identified as part of the variant CJD lookback process and
postmortem examination was requested following death from
unrelated causes (vide infra).

i

ho prion protein (PrP) in lymphonid tissues in variant Creutzfeldt Jakob disease shows staining of follicular
{#. the tonsil, (B) spleen and (C) lymph node. Anti-PrP antibody (KG9) with haematoxylin counterstain [from
sion from Blackwell Publishing]. '
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‘further 70 new cases now predicted based on the p

knockout mice with deficiencies in PrP expres

Unlike sporadic and familial forms of CJD, paticr
variant CJD show evidence of abnormal prion accumulat
follicular dendritic cells in peripheral lymphoid tiss
ding tomsils (Hill eral, 1997b; Kawashima ef al.
appendices, spleen (Hilton er al, 1998} and lymph nedes {
et al, 1999). In two patients, appendices removed

and 2 years prior to the onset of clinical disease !
shown evidence of prion accumulation, although 2 sa
removed 10 years prior to onset of clinical disease did nat
(Glatze! et al, 2004).

The median age at death is 29 years {range 14-74 yca

has not altered over the first 10 years of the o
suggesting an age-related susceptibility or exposure it
et al, 1998a; Boelle et al, 2004). At the time of wriun
have been 154 definite and probable cases of variant CJD
UK, nine in France, two in Ireland and one in each of the
Canada, ltaly, Saudi Arabia and Japan. In the U:
incidence of clinical disease appears to have peaked ere
2000 and has since fallen significantly (httpi//wwiw.g
ac.uk). However, although the outbreak thus far has been ver

much less than that which was initially feared {Cous
1997; Ghani et al, 1998b), with an upper boundary of

clinical disease (Will, 2003; Smith er al, 2004; Sneais, 2
recent retrospective study of tonsil and append:
demonstrated three of 12 500 samples positive for
prion accumulation, suggesting that up to 3500 peo;
be infected with a prevalence of pre- or subclini
amongst the 10 to 30-year-old UK population of one of 10 ¢ 2
(Hilton et al, 2004). Ghani er al {1998a) have suggested thor
up to 90% of individuals infected may have proieng

preclinical or true subclinical disease and that this cc
related to codon 129 genotypes encoding valine homoz
or methionine/valine heterozygosity. If transmissibic ;
infectivity is present in the peripheral blood of such as
tomatic individuals, the concern is that blood-derived pro-
ducts could provide a route to long-term persistence of variant
CID within the population,

Animal studies of peripheral blood infectivity
and transmissibility

The route by which the prions disseminate and
following peripheral inoculation is of importance in
standing the likely distribution of infectivity and has &
recently reviewed (Mabbott & Turner, 2005). Stuc

lacking various cellular compartments of their ir
systerns, have led to the conclusion that initial accurm!
or replication in follicular dendritic cells is wcsse
peripheral transmission (McBride eral, 1992; Buc:
1993; Fraser et al, 1996; Brown etal, 1997b; Kicin
1997, 1998; Mabbott et al, 1998). Indeed, infection
abnormal prion accumulation can be demonstrated
lymphatic tissues of scrapie-infected rodents and sheep
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Reviev,

The reverse arin of the surveiliance scheme addresses the
question as ta whether any of the patients who have developed
variant CID could have become infected via a previous blood

transfusion. The transfusion history of all patients developing
and the donors are traced and also
¢ of National Statistics.

variant CjD is as

flagged to the UK

To datc 17 v,

(151

nt CID patients are known to have been
the UK and two in France). Of the 50
ponents, 17 are still alive, Plasma from

binod danors

recipienis of blood

2} donations was fractionated to produce albumin, immuno-
plobulin and clotting factor concentrates that were used in the
rium, Germany and taly. In the UK it appears

zriant CJD peaked in about 2001 and is

iGence

of v
been two cases of probable transmission
s via non-leucodepleted red cell

st episode, a 24-year-old individual
in 1996 {Llewelyn et al, 2004). Three
i variant CJD and died the subsequent
s donation in 1996 was aged 62 years
ther units of red cell concentrate to
in 2007 he became depressed and
1, moter difficulties including a
wnitive impairment. An MRI of his
reported mal, In 2003 he died of dementia.

At awopsy, nistol
features of variant CjD, and this was confirmed by protein-
ase-K rc ce and iypical features on Western blotting.
Analysis of his PRNF gene revealed him to be homozygous
for methionine at codon 129, A statistical assessment
concluded tiwat there was only a 1:15 000-1:30 000 chance

v coincidence. \

of this occurring

A second individuai was reported in 2004 as a result of the
national surveillance of recipients of transfusions from
donors who later developed variant CJD. This patient very
infected with variant CJD prions by a unit of
red ccil concentrate in 1999 {rom a donor who developed
variant CID 13 maonths later (Peden et al, _2604). Although
after the transfusion of unrelated
nicar features of variant CJD, analysis bf her

ikely be

this po

causes with no i

Donissie At auings

v revealed that prion accumulation

and one cervical lymph node. There

s heterozygous at codon 129 for

crefore of great importance because
that variant CJD prions can be
fusion rom donors who are in a
zt the ime of donation and that
crozygous  individuals can also  be

ol nis brain revealed characteristic.

Blood donor selection

Many countries have instituted policies of donor deferral for
those who have spent time in the UK, France or more broadly
Europe, based on the likely comparative level of risk with their
indigenous population, the extent or pattern with which their
population visit affected areas and the likely impact on their
blood donor base.

In the UK, there are few epidemiological criteria. that would
allow identification of a ‘high-risk’ donor population. In
response to the blood transfusion related transmissions of
variant CJD, in 2004, a policy of deferral of donors who
themselves have been recipients of blood components since
1980 was instituted to reduce the risk of tertiary or higher-
order transmissions leading to a self-sustaining outbreak. This

"policy also has the advantage of reducing thé risk of other

blood borne infectious agents being recycled in the community
by transfusion. There was concern that this would lead to a
significant reduction in the donor base and that a sometimes
precarious blood supply would be further compromised.
Whilst about 5-10% donors have been lost from the UK
blood donor panels, the impact has been mitigated by
proactive recruitment campaigns to enlist more new donors.

Impertation of blood components

It is not likely to be feasible to import red cell or platelet
concentrates due to the large volumes required, the short shelf

. life and tability of these components and concerns over the risk

of other transmissible agents in some overseas donor popu-

lations. To reduce the risk of variant CJD transmission to -

children, in 2002 the decision-was made to only use imported
non-UK plasma to treat those born after 31 ‘December 1995.
This date was chosen because it was consideréd that BSE-
infected foods had been largely eliminated from the diet by this
date, and therefore, children born after this time were unlikely
to be infected from food. In addition, with relatively small
volumes of plasma, the product can be stored, transported
frozen and be virus-inactivated.

Donor screening

No immunological response to prion infection has yet been
identified nor has DNA been found associated with disease
transmission. Therefore, traditional serological and molecular
biological approaches to donor scréening are not currentdy
feasible. )

Several groups have looked at the possibility of using
surrogatebmarkcrs. The proteins 14:3-3 (Zerr et al, 1998) and
S100 (Otto et al, 1998) are non-speciﬁc markers of CNS
damage and are therefore likely to be elevated only in the

infect cther they arc as susceptible to infection clinical stages of disease. It has been shown that transcription
and/or the development of clinical disease as methionine of erythroid differentiation associated factor (EDAF) is
homozygous individual remains uncertain (Aguzzi & Glatzel, depressed in the peripheral blood of animals suffering from
2004}, prion disease (Miele et al, 2001). The cause of this observation
18 © 2005 Blackwell Publishing Ltd, British Journal of Haematology, 132, 13-24

LN i i

kA
%

is uncertain and it also currently remains unclear whether 1his
could be translated into the setting of human clinical
preclinical disease and whether an appropriate difiere:

exists between patients incubating variant CJD and nor
individuals.

Infectivity has not thus far been detected in the periphera!
blood of patients with clinical variant CJD by intracerchr
inoculation into rodents despite the evidence of

transmission, reflecting the limitations of infectivity bi
due to the species barrier and the small amounts of blood
inoculated.

A central difficulty in the development of molecular assays is
the differentiation of PrP% from PrP® (Minor, 2004). Therc ate
currently no monoclonal antibodies or other reagents of
sufficient analytical specificity to differentiate between the
normal and abnormal isoforms. Most assays therefore depend
on differential physicochemical characteristics, such as re
ance to proteinase-K digestion or display of additional or nov
PrP epitopes following treatment with chaotropic agents, < :ch
15 guanidine hydrochloride. The level of sensitivity require ! iz
challenging. Brown et al (1999) has estimated that.in the
1 pg of PrP5/ml may be present in the peripheral blos

individuals in the pre- or subclinical phases of disease, i
context of around 100 ng/ml of PrP*, ie. a ratio of 1 .77
molecule:] million PrP® molecules. There are also signiit
challenges 'in validating such assays. This would normal
undertaken using samples from individuals with the disc:
Juestion, However, there are very few patients alive at an: .»»
time with variant CJD and large amounts of blood ca
drawn for ethical reasons. As it is not currently possit
Jetermine who may, or may not, be incubating the diseas
ussays will therefore need be validated on brain homoge
ipiked human blood or animal endogenous infectivity sa:
»osing questions around the extrapolation of the data tc
auman setting. Finally it'should be borne in mind that it
10t be possible to determine which of the donors with posi

1ssays are actually incubating variant CJD and which of ¢
ire likely to go on to develop clinical disease. There

s

reatment available at the present time to offer such indivi-
juals. There is concern, therefore, over the number of donars
#ho may need to be deferred due to positive assay resuits
he potential impact of the introduction of such assays on
willingness of donors to donate (Blajchman cral, 2004
McCullough et al, 2004).

lood component processing

n'October 1997, the UK Spongiform Encephalopathy
‘ory Committee advised that universal leucodepletic
onsidéred. The UK Departments of Health commi
th independent risk assessment by Det Norske Vi
Jonsulting (DNV) and asked the Blood Services to co:
he feasibility (Comer & Spouge, 1999). Implementaiion. ~=
‘ecommended in July 1998 and completed by the autusu. ¢
.999 (Department of Health, 1998a,b). .The measure wa:
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