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In the Lymphoglobuline® manufacturing process, human
thymocytes, membrane red blood cells and placenta are
used. These human elements represent a virtual potential
source of contamination of Lymphoglobuline®.

2.2. Human source of pathological prion protein

After the histological, immunohistochemical and biochem-
ical analyses of post-mortem human brains, one case of defi-
nite CJD, and one non-CJD were chosen. The anatomic site
chosen was the frontal cortex. The CID case selected was
characterized by the presence of PrP™ type 1 in westem
blot analysis according to Parchi’s classification and by synap-
tic deposits of PrP*® with an immunohistochemical technique.
The same human cortex was used as source of PrP* for the
reference scale and for the nanofiltration samples.

2.3. Sample preparation

2.3.1. Human brain homogenate

Frontal cortex of CJD and non-CJD cases was spiked in
PBS buffer, 1:10 at final dilution. These homogenates were fil-
tered successively with needles of 0.6 mm and 0.5 mm diam-
eter in order to obtain homogenous preparation. After
centrifugation at 1000g for 5 min, supernatants were applied
to nanofiltration process.

2.3.2. Reference scale

This reference scale was prepared with series of dilutions of
CID brain homogenate in Lymphoglobuline® from 1:10. to
1:20,000. This reference scale was based on the technique
used by Lee et al. [10,11].

2.3.3. Nanofiltration samples

These samples were prepared using CJD brain homogenate
dilutions in Lymphoglobuline®. Three different samples were
produced; samples at a high PrP*® dilution (1:500), samples at
a moderate PrP*° dilution (1:100) and samples at a low Prp*
dilution (1:10). Each dilution was prepared for three samples,
one non-nanofiltrated (control) and two nanofiltrated. These
samples were prepared as a reference scale with an adaptation
of the method used by Lee et al. [11].

24. Filtration

Small-sized (membrane diameter: 47 mm) Pall® filters (hy-
drophilic Polyvinylidene fluoride microporous membrane)
with mean pore sizes for Pall® DVD of about 0.1 pm, Pall®
DV50 of about 50 nm and Pall® DV20 of about 20 nm were
used successively in the nanofiltration process. The filtration
mode was conducted at a constant membrane pressure of
3 bars. The samples underwent nanofiltration in the following
order: negative control, CJD samples at a high PrP*® dilution
(1:500), CID samples at a moderate PrP* dilution (1:100),
CJD samples at a low PrP* dilution (1:10) and negative con-
trol (Fig, 1).

. Truchor et ol i &

I Lymphogiobul:ne®soluuon (9l
+
a- 1 mL of negative brain homogenate
b- 1 mL of CJD brain homogenate dilute.i 1o |
¢- I mL of CJD brain homogenate diluted to 1:100
d- I mL of CJD brain homogenate dilutzd to 1110
e- 1 mL of negative brain homogenate

Y
Narofiltration steps with Pall® filters
DVD
DV30
DV20

Filt:
L « constant pressure of 3 bars

Recovery of filtrates i

Y

l PrP™ detection by Western Blot tec

Fig. 1. Nanofiltration process. (a) Negative controi sampic ut 1:10 in Lymph
globuline®; (b) CID sample ata high PrP* diluti 30y e Lymphoglobuli

(c) CJD sample at a moderate PrP* dilution (1::(%}; in Lyrmphoglobuline®
CJD sample at a low PrP* dilution (1:10) in Lymy obutine®: and {e)n
control sample at 1:10 in Lymphoglobuline®, x 2, prestuced in duplicate.

The nanofiltration material was treated with sodium by~
droxide (2 M) for 1 h between each ranofiltration of different
PrP* dilution samples.

2.5. PrP™ detection

The westemn blot technique was used to detect PrP™™* after
proteinase K treatment (12]. The anti-prion protein antibody
revezaled three strips of a molecular weight between 30 and
22 kDa (Fig. 2) corresponding to the biglycosylated, monogly-
cosylated and unglycosylated forms. Then, Pri*®* was revealed
by chemiluminescence. This technique was used to detect
PrP™ in reference scale samples and in samples before and uf-
ter nanofiltration,

The reference scale samples and sampies for nanofiltration
were produced and developed by the western blot technique
under the same conditions and in the same time.

2.6. Determination of reduction factors

The reduction factors defined as the reduccd titer versus the
real titer present in the spiked sample were determined by com-
paring the PrP"* signal of samples beforz and after nanofiltratos
with the PrP™* signal of reference scale. After this comparisor,
we determined a reduction factor (log) for cach sample.

3. Results

The reference scale ranges from 1:10 0 1:20,000 diluticns
of CJD brain homogenates. From the 1:10 o i:2000 dilutions,
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ses [14]. Effective methods include for example expo-
1 M sodium hydroxide during autoclaving at 121 °C,
This kind of mcthod using chemical agents (sodium hydrox-
ide, chlorine at high concentrations) and physical treatment
by wutoclaving is very drastic and it is a real problem to inac-
tivaie PrP™ in biopharmaceutical products without modifying
their therapeutic properties, The reduction of any risk associ-
ated with a pharmaccutical product will be dependent on the
phyeical removal of infective malerial during product manu-
facture. Many techniques for plasma-derived products, such
as cthanol fractionation, depth filtration and chromatographic
processes, may contribute to a significant partitioning of prion
protzin [10,15—18]. Although carly applications of nanofiltra-
on targeted viral removal [7,8,19], new data suggest that it
mav be a specific removal system for prion proteins as well.
Human TSE pathogens in diluted brain homogenate were re-
ported to be removed by a Millipore screco-type 0.025 pm
inersbrane  filter employed during production of growth
honnone [20]. However, only a small guantity of diluted brain
»genate could pass through the membrane. Planova® car-
with mean pore sizes from 73 to 10 nm were used
to fter brain homogenaie from mice infected with human
TSE [21]. No infectivity was detecied in the 35 nm filtrate.
The pathogenic agent was estimated to be approximately
0 nm in size. However, some residual infeciivity was found
in the 10 nm fltrate when 19 Sarkosy! was added to the ho-
mogenate [22]. Recently, removal of scrapie agent MET7,
a mouse adapted strain of scrapic used as a model for the
BSE or vCJD agents by using nanofiltration of a 2% albumin
solution spiked with 4 brain homogenate (23]. The albumin re-
covery was over 90%. Extent of removal was influenced by the
filier type and by the addition of an anionic detergent (Sar-
Kosyi) to the protein solution. An infectivity of 4.93 and
1.61 log was removed using a 35-nm filter without and with
detergent, respectively. Moreover, a reduction of infectivity
of »5.87 and 4.21 log was obtaincd using’ a 15-nm filter in
¢ ubsence and presence of detergent, respectively. No resid-
fectivity was detected in any filtrate when using 15 nm or
or porosity filters. Studies have shown an efficacy of 35—
1 filters in achieving some removal of prions from biolog-
ical solutions with the best removal with a 15-nm filter. The
dat. aithough encouraging, should be analyzed more accu-
raiely duc to the tendency of prion spikes to aggregate under
the oxperimental conditions used and with human prion pro-
tein because this removal could be dependent on the “strain”
of prion protein.

I our study, we wanted to study the efficacy of nanofiltra-
tion 5n human PrP* in a biopharmaceutical product (Lympho-
globaline®). We used human PrP* from CID patients as the
contaminant, This contamination condition was important to
studv the Lymphoglobuline® nanofiliration technique under
concitions as close as possible to a possible contamination
by human cells used for the preparation of this product. The
extent of removal may be influenced by the aggregation,
type [24] and conformation of prion proteins and the physico-

'

chemical nature of the solution filtered. These parameters were.

important to choose the PrP™ type for the study. Amyloid

plaques or focal deposits of PrP* still remain after homogeniz-
ing the cerebral cortex and the hypothesis was made that this
kind of PrP* aggregation could be the result of a bias in the
methodology. For this reason, PrP™* type 1 associated with
synaptic deposits with an immunohistochemical technique
was chosen in order to test the Lymphoglobuline® nanofiltra-
tion process under worst conditions to test the filters, In this
study, Lymphoglobuline® was spiked with brain homogenate
at different dilutions (1:10, 1:100, and 1:500). These PrP* di-
lutions can be correlated with World Health Organization
(WHO) classification of organ infectivity: the low PrP* dilu-
tion corresponding to 1:10 (brain and spinal cord), moderate
PrP*° dilution corresponding to 1:100 (spleen, tonsil, lymph
node, intestine, placenta...) and high PrP* dilution corre-
sponding to 1:500 (brain stem, thymus, liver, pancreas,
lungs...).

The comparison of the samples before and after nanofiltra-
tion showed a reduction factor between 3.3 and 1.6 log in com-
parison with the reference scale. The reduction factor of
samples at a low PrP* dilution (1:10) was between 3 and
3.3 log. This dilution could correspond to a brain or a spinal
cord PrP* concentration (WHQ). The reduction factors for
a very high PrP* concentration obtained illustrate a very
good efficacy of the nanofiltration process.

In samples at a moderate PrP* dilution (1:100) and samples
at a high PrP* dilution (1:500), the PrP™" strips were not de-
tected after nanofiltration, the reduction factor was strictly
greater than 2.3 and 1.6log, respectively. The 1:100 dilution
could correspond at a spleen or tonsil or lymph node or intes-
tine or placenta PrP* concentration (WHO) and the 1:500 di-
lution could correspond to a brain stem or thymus or liver or
pancreas or lungs PrP* concentration (WHO). In conclusion,
the data obtained on both these PrP** dilutions are encouraging
because, after nanofiltration, the PrP™* signal was not de-
tected, although they are only indicative with probably under-
estimated reduction factors. Finally, the reduction factor
obtained is 3.3log and seem to demonstrate the efficacy of
the nanofiltration process on human CJD PrP* with a good
protein recovery.

Removal may be based on a sieving mechanism or due to
adsorption on the membrane. The potential to use nanofiltra-
tion as a dedicated step for prion removal may have a signifi-
cant impact on the safety of biopharmaceutical products and
recombinant proteins, when production involves the use of hu-
man or animal derived materials, or medicinal products de-
rived from bovine sources {25,26]. This technique has the
ability to exteénd the concept of sterility of biological products
from bacteria to, at least, some viruses. Our results suggest
that nanofiltration could be also of interest for the removal
of human pathological prion proteins.
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Bin qround and Objectives This paper reports the results to 1 March 2006 of an
: _st:dy, the Transfusion Medicine Epidemiological Review (TMER), by the
5 Surveillance Unit (NCIDSU) and the UK Blood Services (UKBS) ta deter-
nne r there is any evidence that Creutzfeldt-Jakob disease (CID), inciuding
ar+usie CJD (sCID), familial CID (fCID), and variant CJD (vCJD) is transmissible via
bic ol transfusion.
erials and Kethods Sporadic CJD and fCID cases with a history of blood dona-
¢ trarsfusion are notified to UKBS. All vCJD cases aged > 17 years are notified
3S on disgnosis. A search for donation records is instigated and the fate of all
jons is identificd by lookback. For cases with a history of blood transfusion,
al and UXBS records are searched to identify blood donors. Details of identified
2nd donors are checked against the NCIDSU register to establish if there are
narches. . .
Results CJD cases with donation history: 18/31 vCID, 3/93 sCJD, and 3/5 fCJD cases
d as bleod donors were confirmed to have donated labile components trans-
to 66, 2C, and 11 recipients respectively. Two vCID recipients have appeared on
2:CIDSU register as confirmed and probable vCID cases. The latter developed symp-
vCID 5.5 years and 7.8 years respectively after receiving non-leucodepleted
13 (RBCs) from two different donors who developed clinical symptoms
Iy 40 and 21 months after donating. A third recipieat, given RBC
v a further vCJD case approximately 18 months before onset of clinical
1a ! abnormal prion protein in lymphoid tissue at post-mortem (5-years
sion) but had no clinical symptoms of vCJD. CJD cases with history of
Hospital records for 7/11 vCJD and 7/52 sCJD cases included a history of
+ 0! labile blood components donated by 125 and 24 donors respectively.
: 1. who developed vCJD were linked to donors who had already appeared
- 1ICIDST register as vCID cases (see above). No further links were established.

cion Tois study has identified three instances of probable transfusion trans-
“CJD infection, including two confirmed clinical cases and one pre- ot
ction. This study has not provided evidence, to date, of transmission

Y
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od, CJD, familial, speradic, transfusion variant.
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Table 1 Recipients of blood donated by variant Creutzfeidt-Jakob disease
cases by vear and blood companent transfused {n = €6]

Year of Number of
transfusion Blood compongat transfused recipients

9A0-1934 Whole blood 1
Red blood cells 1
19585-1839 Red biood cells 2
1950-1834 Red blood cells 9
1995-1539 Whoie blzad 1
fed blogg cells 15
Red blood cells - buffy coat depletea’ 2
fied blood cells - feucodepieica” 2
Feesh frozen plasma 3
Cryo-depleted plasma !
Cryopregipiate 1
1

Platelets ipcoled)
2000-2704 Red blood ceils - feucodepirted 23

fresh frozen plasma - leucadepieted 2

Platelels ‘pooted, leucadepl

Red cel's with buffy-ccat (containing most of telets ang white cells)

removee by centrifugation angd pnysical separalls
URed cel's leucocyte-depieted by pre-storage filtration to < 5 x 10%unit

according to UK guidetines {6}

2006. Of these, 31 of 150 (219%) were reported to have been
blood donors at various times in the past, although there is
variation in the details of available information and the con-
fidence of families in donation history.

Doror records were found for 24 vTJD cases, comprising
20 reported by relatives as biood donors and four additional
cases with no reported donation history. OF these, 18 vCID
cases 112% of the total cligible to donate blood) were con-
fimed to have donated labile blood components, with the
number of components made and issued for use in UK hos-
pitals ranging from 1 to-14 per donor. Six vCID cases were
registered as donors, but had notdo iabile blood com-
panerts, Two of these had never attended sessions, three were
deferred (duc to past medical history, low haemogtiobin value
and illness, respectively) and one case had donated plasma
for fracBonation only {made from z single donation from
whick the red cells were discarded).

The search fordonorrecords was

vein 1 of 31 (35%)
s (three of whom al-

vCID cases reporied as putative do
legedly donated well before the onset of the SSE epinemicin the
25¢ niegative cases was

1380¢), The information provided in th
miniraal, except in one case where reiatives were confident

that regular donations {up to 50) had been made in the years
leading up to 1993. Despite extersive scarches no records
were found; moreover, blood collection sessions had never
been made at the purported venue. No explanation has been
found for the lack of records, although discrepancies in some

® 2006 Blackwell Pubtishing Ltd. Vor Senguinis (2006) 91, 221-230

of the details given suggest that the history was notas certain
as {nitially thought.

Labile components issued to hospitals

Sixty-six labile components originating from 18 donors were
issued to UK hospitals over the period 1981-2004 and trans-
fused to patients according to blood transfusion laboratory

records. A further nine components issued between 1982 and

1996 could not be traced by the relevant hospital. Table i
gives the number of recipients transfused by year and the
type of blood component transfused. Fifty-six recipients
(85%) received red cells or whole blood, seven (11%) were
transfused with labile plasma components or derivatives and
three (4%) received pooled platelets made according to UK
specifications in which the buffy-coat preparation contain-
ing platelets from the implicated vCJD donor was pooled with
buffy coats from three other donors and resuspended in
plasma from one of the four donations. Nearly half of the red

cell recipients received red cells that had been leucocyte- -

depleted by pre-storage filtration to < 5% 108 leucocytes per
unit (in 99% of units with 95% statistical confidence accord-
ing to'UK guidelines [6]) after the introduction of universal
leucocyte depletion of the UK blood supply in 1999.

Recipients of blood components

Patient identifiers are available for -66 recipients who
received blood from 18 different donors who went on to
develop vCID. None of the 66 recipients had themselves
donated blood between receiving their transfusion and early
2004 when the UKBS implémented a policy of excluding all
donors transfused in the UK since 1 January 1980, Itis of note:
that 41 (62%) recipients were aged over 60 years at the time
of transfusion and were not eligible to donate.” All living
recipients (n = 26) have been informed of their risk and
advised not to donate blood, tissues or -organs. Three
instances. of probable transfusion transmitted vCID infection

-have occurred, including two confirmed clinical cases and

one pre- or subclinical infection. Of these, two cases have
died, and one is still alive (see succeeding discussion),
Figures 1 and 2 show the stirvival period for dead (transfu-
sion to death) and live recipients (transfusion to 1-March

2006) of vCJD components, respectively, according to the

interval between transfusion and onset of clinical symptoms -

in the donor,

Dead recipients

Forty recipients {61%) are known to be dead, with mean age

at death 66 % 19 years. Table 2 gives the time and cause of
Jeath as stated on death certificates for the recipients known
to have died, Around haIf {n = 21) of the dead recipients died
within a year of rcctwmg their transfusion, with only seven
surviving for more than 5 years. Two recipients, who died
4 months and 14 months, rtspectlv:ly, after transfusion had
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vCJD in the donor. Fifty per cent of live recipients were trans-
fused with components from vCJD donors whose donations
were made within 20 months of clinical onset, in seven cases
around the time of development {n =3) or shortly after
{n = 4) the first signs of clinical illness. These cases would
have appeared healthy when attending donor sessions and
passed the normal medical checks as being fit to donate. Six-
teen recipients have survived longer than 5 years, with six
surviving > 10 years (one for over 18 years). These patients,
mean age currently 61 £ 19 years, were given blood from
donors who developed vCJD symptoms at intervals ranging
from arcund § months to 191 months after making the dona-
tion (see Table 3). Recently, a diagnosis of probable vCJD has
been made in one of these surviving recipients who had
received a transfusion of red cells 7 years and 10 months
before onset of clinical symptoms {9]. The donor of this third
probable transfusion-transmitted vCJD infection developed
vCJD approximately 21 months after the donation, and the
recipient {s a codon 129 PRNP methonine homozygote.

Plasma for UK fractionation

Twenty-five units of plasma originating from 11 different
donors, bled between 6 months and 17 years, 11 months
before onset of clinical vCJD symptoms, were supplied for UK
fractionation during the period 1986 -1998. Product batches
manufactured from 23 plasma units derived from nine
donors have been traced. The fate of batches of product
derived from the two remaining plasma donations, from two
different donors, has not yet been traced, and this search
is still ongoing. Table 4 lists the plasma products derived
from the 23 traced donations and the number of batches
imaplicated, divided into risk categories as used in the plasma
product notification exercise (www.hpa.org.uk/infections/

topics_az/cjd/Recommendations.pdf). The fate of batches of.

products has not been traced to individual recipients as part
of this study. It is known, however, that haemophilia centres
have traced the ultimate fate of the batches of factor VI It
is also known that no case of vCJD has been identified in a
patient with haemophilia in the UK

sCJD cases with history of blood donation

Ninety-three cases of sCJD identified between 1980 and 2000
were reported to have been blood donors, with ounly 38
reported to have donated from 1980 onwards. Donation
records for most sCJD cases were untraceable since most
dated back many years before 1980, in some cases to the
1940s. Donation records were found for eight sCJD cases; but
only three had actually donated labile blood cormponents for
hospital use {one with 18 recipients, and one each with one
recipient) which could be traced to recipients. A total of 20
recipients were transfused between 1995 and 1999 with com-
ponents from these three donors who went on to develop
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Table 3 Live recipients of fabile bloud cor parcents donated by vir oot wuter 0L

Time elapsed Current age of (A0
since transfusion’ recipient (vears)? “r
1- < 2years EE
45 .
83 ISy
2-<3years 3:
3-~<dyears 5a <
3: e
3 o
4 - < 5ycars 5C

5- < Byears

6~ < 7years -
7 - < 8years a
8 - < 9years 2

9 - < 10 years

> 10 years

*As at 1 March 20C6.
A negative interval denotes that donstis
Probable variant Creutzfeldt-Jakob

5 mace by ind

sCID between !and b yearsaftird

received red cell componen
platelets and one (5%) rece

As of 1 March 2006, 12 recipien:
amean age atdeathof74 = 15
alter transfusion {four withir a

and seven survived for betwe
their transfusion before dyirs
related causes (cerebrovascuas

MSIAUNS

Seven recipients are notkno
to date, and are therefore pres
of these seven recipients is ©
since their transfusion ranges
a further recipient is unknow

None »f the sTUJI

identified as having received blood fram donor
on to develop sCJD have appeared on the NCJDSU
to date.
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Producs batches maae hy UK fractionat scrived [rom plasma

rloped van uizleldt-lakob

dorated by individua's who fater do

a

disaas?

Infectivity Number of
Classification® Plasma product smplicatee batches
Low - VI {exgipient™) 77

Anti-thegmbin 1

TATAC

Fwaty-three glazma danat ans frem nin 2fcldt-lakob

33 cases e text for

“Risk calogories a5 used in plasma product not!

TR CXErQrse
SAlbgmir from impiicated plasma donation usce s cxtipient (inert

substance added Lo provide buik)in preparaticn chof Factor VIL

Three recipients are not known to bedead from ONS Nagging
to date. and are therefore presumed to be alive, The mean age
s The time elapsed

of these three recipients is 44 £ 2C v

since tncir transfusion ranges from 13 to 21 years. The fate
Nene of the fCID
cod from donors
cared on the NCJDSU

of a further three recipients is not kn

recipicnts tdentified 2s having rece
who went on 1o develop fCJD have ap;

register to date.

v(JD cases with history of transinsion

Elever vCJD cases were reporied to have received past blood

transfusions between 1962 and 1959 her casce received

a blood aansfusion after onsat s. This case is

n cascs, hospital
ransfuscd. No hos-
:ses reported to
. respectively. Hospital
vCJD cases (64% of
transfused with

exciuted from further analysis.

recori s showed that they had not!
pital rocords could be founid for
hav

transfision recerds were found fo

sed in 1962

feentra

those reportert as travsiused) wao ?
‘

companents donated by 125 donors{ entified), with one
-dan iransplant, receiv-
tity of ‘ourdonors
anents {o two cases
vn, Tatle 5 shows
the transfusion date. number of donors and blocd compon-
cnts donated, and the interval from wransfusion to onset of
clinical symptoms of vCJD in these s2ven recipients. These
cases had been exposed to between two and 103 donors,

vCID case, who also received asol
ts from 103 denors. The!
who donated red cellfwhole blood ¢

ingccmpone

(case 2 and casc 7, sec Tabie 5) is

is (200€) 91, 221230

@ 2005 Blackweii Publishing Lid. Vor -

respectively (NB search for donors to case 6 is incomplete).
To date, one donor who gave red cells to case 5 and another
donor who gave red cells to case 6 are also registered on the
NCJDSU database as vCJD cases. These are the donors of the
two clinical cases of transfusion-transmitted vCJD referred
to previously (see vCJD cases with history of donation).

sCID cases with history of transfusion

Fifty-two cases of sCID identified between 1980 and 2000
were reported to have received a blood transfusion, of which
28 received a transfusion after 1980. Transfusion -records

~were.found for seven sCID cases transfused between 1984

and 1997. Donor details were found for 24 donors who
donated components transfused to these seven sCJD cases.
One of these donors is known to have died, with a cause of
death not related to CJD. Twenty donors are not known to
have died from ONS flagging to date, and are therefore pre-
sumed to be alive. The fate of a further three donors is not
known. The mean age of the donors presumed still alive is
5149 years. None of the traced donors who gave blood to
patients who ‘were subsequently diagnosed with sCJD have
appeared on the NCIDSU register to date.

fCID cases with history of transfusion

" One case of fCJD identified in 1992 was reported to have

received three blood transfusions in 1965, 1970, and 1987
none of which could be traced.

Discussion

This study has identified three instances in which a recipient
of a transfusion derived from a ‘vCJD’ donor has developed
infection with vCJD, including two clinical cases and -one
pre- or subclinical infection {7-9). These are three different
donor/recipient pairs. In view of the smali size of the total
at-risk recipient population (n = 66) -and- the’ background
mortality rate for vCJD in the general UK population (0-24/
million/annumy), these observations provide strong evidence
that vCJID can be transmitted from petson to person through
blood transfusion. This finding has had important implica-
tions for public health policy nationally and internationally.

The risk of developing vCJD infection in the surviving
recipient population is significant but cannot be precisely
estimated because of variables including the timing of blood
donation in relation to clinical onset in the donor, the influ-
ence of the codon 128 genotype of donor and recipient and
the effect of the introduction of leucodepletion in 1999. Fur-
thermore, the currently observed number of infections in the

recipient population may be an underestimate as some sur-

" viving recipients may yet develop vCID and there is limited
available information on the outcome in the cohort of
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Table 5 Donors (n = 125) of labile blood components given ta viriant Crevtsfes

Transfusion Number of donors of labiic

Case date bload components transfised
1 1993 38

1 1993 65

.

2 1983 2

2 1893 3

3 1994 a

4° 1999 5

3 1996 s

8’ 1987 Te°

7 1982 bl

*Two of these cases linked to donors slready cn the National CUi “Lrveitlance s -

Component details traced, but donars nat igeatifiable.

“Timing of clinical iltness excludes bleod transfusion as the sour ¢ +f infection 1+

q
One of the donars already on NCIDSY register as vCUD case, © presumed
“Qne donor already on NCIDSU register as vCID case. Search for 47+ danars tc

deceased recipients; a significant proportion of thcse indi-
viduals may not have survived long enough to express diﬁical
disease even if infected. The minimum incubation period in
CJD transmitted from person (o person by a peripheral route
is 4-5 years in kuru and growta-hormone-related CJD [10,11]
and only nine deceased recipients survived for lornger than
this period. An investigation of the hospital records of the
deceased recipients is underway, and to date, none hac clinical
features of vCJD pre-mortern. However, the identification of
the individual with ‘preclinical’ vCJD infecton was
on post-mortem examination of peripheral lymmphoreticular
tissues, and, to date, no equivalent tissues have been available
in the deceased transfusion recipients. Extrapolating from
the three observed infections ia the total recipient population
is likely to lead to an undercstimate of the overail risk of
t:apsﬁlsion transmission of vCJD, although the introcuction
of leucodepletion in 1999 may have reduced the risk
ients transfused after this date.

A further important variable in estimating indiv
is the ime from blood donation to clinical onset in
.and, although evidence from animal studics in relat 7n Lo this
issue is conflicting {12~-14], it is likely that an extcx
between blood donation and clinical onsct in the danor will
reduce the risk of transfusion transmission. All tested clinical
cases of vCJD have been methionine homozygotes «! codon

~ndent

T

son




230 POE Hewitteral

dards in Haematology, Blood Trans- JC: Predicting susceptibility and incubation time of human to
s on the clinical use of leucocyte- human transmission of vCID, Lancet Neurol 2006; 5:393 - 398
cients. Transfus Med 1998; 8:59-71 16 Foster PR: Removal of TSE agents from blood products. Vor
Licwelyn CA, Hewitt FA, Knight RSG, Amar K, Cousens S, Mac- Sang 2004; 87:57-S10

ale transmission of variant Creutzfeldt- 17 Wilson K, Code C, Ricketts MN: Risk of acquiring Creutzfeldt- e s -
nsfusion. Lancet 2004; 36]:417-4i1 Jakob disease from blood transfusions: systematic review of
ric DL, Bell JE, lronside JW: Pre- case-conlrof studies. BMJ 2000; 321:17-19

transfusion in a PRNP codon 129 Esmonde TFG, Will RG, Slattery JM, Knight R, Harries-Jones R,

6 Lritish Commutiee for Star
fusion Task Foree: G

depeted blood gom

~

kenzie J, Will RG: Possi

Jakob disease by

o

2 Glaizel M, Abela E, Maissen M, Aguzzi A, Etrancural pstiologic
prian protein in sporadic Creutafeldt-|akob disease. N Eng! J Med

=

1 eterozygous patient. Lancet 2:04; 364:527-529 De Silva R, Matthews WB: Creutzfeldt-Jakob disease and blood 2003; 349: 1812-20
9 lealth Protection Age <ew case of transfusion-associated transfusion. Lancet 1993; 341:205- 207 3 Head M‘f/v Ritchie D, Smith N, et &, Periphzcal tissue invelvement 5
- . N } in sporadic, ialrogenic, and vanant Creutzfeldi-Jakob dis an
variant-CJD. CDF 16 19 van Duijn CM, Delasnerie-Laupretre N, Masullo C, Zerr {, De immunohistochemical, quantitative, and biochernical study.

dusek DC: The natural incubation Silva R, Wientjens DPWM, Brandel J-P, Weber T, Bonavitz V, Am | Pathol 2004; 164: 143~53.

fes of transmission in three clusters Zeidler M, Alperovitch A, Poser S, Granieri E, Hofman A, Will
gy 1984. 3:3-20 RG: Case-control study of risk factors of Creutzfeldt-Jakob dis-
| J-P, Sato T, McShane L, Zerr [, ease in Europe during 1993 -95. Lancet 1998; 351:1081-1085
hiarl 1, Cashman NR, d'Aignaux JH, 20 Collins S, Law MG, Fletcher A, Boyd A, Kaldor J, Masters CL:
Surgical treatment and risk of sporadic Creutzfeldt-Jakob dis-
ease: a case-control study. Lancet 1999:353:693 - 697

=]

Klitzman RL, Alpers

ani e

period of
of patients. Neurcepice
Brown P, Preece M, 313
Fletcher A, Wil RG. Pocct
Cervenakova L, Fradkin | Schanberger LB, Collins SJ: latro-
t-Jakob discase &t the millennium. Neurology

Effectiveness of leucoreduction forreriny v of o o
transmissible spongiform ence

senic Croutzfen

2000; 55:1075~ 041 21 Heye N, Hensen S, Multer N: Creutzfeldt-Jakob disease and bvisa Gregan, Nency McCombiz Df’w"cs’nahw'PCU:E% O e s
12 Casaccia P, Ladog X:YG, Pocchiari M: Levels of infectivity blood transfusion, Lancer 1994; 343:298-~ 299 L. X .
. R . . . . : In 1999, the UK implemented universal leucoreduction as a precaitivn a
in the blood thrsughout the incubation period of hamsters 22 Anderson S:"Comparison of the transfusion risk for'CJD versus Jakob disease by transfusion of domestic bload or red blood ce .
< 3 C .
peripherally infected with scrapie. Arch Virol 1989; 108:145-149 vCJD. Food and Drug Administration, Transmissible Spongiform reduced infectivity of transmissible spongiform encephatopathics 7 .
i3 Diringer H: Sustaired vizsemia in experimental hamster scrapie, Encephalopathies Advisory Committee, 2004. www.fda.gov/ and pooled from scrapic-infected hamsters was 1cucorcdulncd \»ntix i . e

Hilood

Dol oo0s

5 ohrms/dockets/ac/04/slides/4019S1_1.ppt
Castilla J, Saa P, Soto C: Detection of prions in blood. Nat Med
2005; 11:982-985

Arch Virel 1934, 82:105
Brown P, Cervenakova L, McShane LM, Barber P, Rubenstein R, 2
dies of blood infectivity in an experi-

were quantified, and infectivity titres measured. Blood cell recovery and
American Association of Blood Banks standards. Leucofiitration removed 4
endogenously infected blood. Leucorcduction is necessary for the r

o

Dirohan WN: Further st

“

mental model of

y bicod components do not transmit
in humans. Transfusion 1999;

with an explan
Creutzleidt-Ja
39:1169-1178
Bishop MT, Hart P, Altchison L, Baybutt HN, Plinston C,

ssible spongiform encephalopathy, 24 Glatzel M, Abela E, Maissen M, Aguzzi A: Extraneural patho-
logic prion protein in sporadic Creutzfeldt-Jakob disease.. New

EnglJ Med 2003;343:1812-1820 !
25 Ludlam CA, Turner ML: Managing the risk of transmission

of variant Creutzfeldt-Jakob disease by blood products. Br J

Haematol 2005; 132:13-24

from blood; however, it is not, by itsell, sufficient to remove ali blood-horn:

Transmissible spongiform encephalopathies (TSCs) are
fatal CNS infections that can incubate asymptomatically
for a decade or more in human beings befere the
appearance of clinical disease. Peaople in the

Thomson V, Tuzi NL, Head MW, lronside JW, Will RG, Manson

\ asymptormnatic phase of variant Creutzfeldt-jakob discase

(vCjD) appear healthy and donate blood with the same
frequency as any healthy person. Transmission of vC]D
by transfusion was recently recognised in Great Gritain.!
To reduce the risk of transfusion transmission of such
diseases in human Dbeings, the UK implemented
universal leucoreduction of donated biood in 1995, This
measure was based on the expectation that infectivity
would be associated with white blood cells.! However,
findings in blood from infected mice and hamsters
suggested otherwise; at least 40% of the infectiviiy was
plasma-associated, -suggesting that leucorecuction
would not eliminate infectivity (Rohws
unpublished).’ Other investigations s
infectivity when small amounts of TS
were passed through scaled-down filters.* Simila
significant removal of abnormal prion protein was (s
detected when units of human whole blood, spiked with &
a microsomal fraction from TSE-infected brain, were
passed through leucercduction filters from
four major suppliers® Because of reservations abr
relevance of these expenments, none of these
aroused concern.

We investigated the effectiveness of leucoreduciion in
removal of TSE infectivity from a hurnan-sized unit of
pooled hamster blood. To ensure that the 150 hamsters
needed for a 450 ml blood pool were at the same |
symptomatic stage of disease (wobbling gait and head |
bobbing) for cach of two separate !
400 weanling golden Syrian hamsters (£

y of the

the . e

dings .
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Volume Yotaianimaly Total animals Titrein (O/mL Fractional distribution

inoculated (mt) inoculitzd infected [415) of infectivity
Whoie blaod 52 104 50 131 (1-6) 1
Leticoredured bload - | 5.4 108 34 7.641.2) 058

fitre and SO cateviated fromthe Poisson dstabiutian as deicribed in the text

Tabi: 2: Concentration of TSE in nmvrrym wholé and leucaréduced blood

approached, but did not fully achieve all specifications;
furthermore, because nore than one flter is involved,
more titrations would have been required to evaluate the
removal of infectivity.

For the infectivity study, 448-5 mL of CP2D-
anticoagulated whole hamster blood was pooled into the
whole-blood receiving bag of a Leukotrap WB collection
set and processed within the 8-h time limit specified by
the AABB. Filtration was done at room temperature
under gravity with a 60-inch pressure head on the in-line
WBF2 flter, and ‘was completed in 30 min. -After
removal of a 19 mL sample of the leucoreduced whole
blood for subsequent testing, the .remainder was
centrifuged at 4150 rpm (about 5000 g) for 8 min at
room temperature in a Sorvall RC-3C centrifuge. The
plasma fraction was expressed into a satellite in-line bag.
A preservative and stabiliser, AS3, was added to the red
blood cells. Samples of the pre-filtration whole blood,
post-filtration whole blood, red blood cells, and plasma
were removed for analysis of cell composition and for
titration in animals.

Cellular composition of the blood was assessed with a
HemaVet five-part differential cell counter calibrated for
hamster biood cells (Drew Scientific, Oxford, CT, USA).
The residual white blood cell concentrations in the

Vitrole blaod prespuitey

g”':
BB,

5
i o
4 ° ob 06V e O 0 000 & ogeasa

[ % ° %JOOOOO ™ o &

o ocoo
.

Leucareduced whole blood

0 180 200 100 a0 50 600 700

Days after inoculation

fizure:Incubiation times of infections from whole and leucoreduced blood

Resuls of inoculatians of whole biod are represented by data above the hocizantal line; those from inoculatians
of cucoreduced blood are shown beiow the fine. Grcles represent in‘ected animals. Squares represent uninfected
arnals that survived 1o the end of the expediment, Triangles represent animals that died intercurrently of causes
otiet than the inaculum.

leucoreduced samples were measured by manual count
and flow cytometry.

Infectivity: of whole and leucoreduced blood was
quantified by limiting dilution titration, a method
developed in the Rohwer laboratory, The two samples
were processed and inoculated separately and
sequentially. Each sample of blood was sonicated with a
separate sterile probe to lyse cells and disperse
infectivity, It was then immediately inoculated
intracranially, 50 l at a time, into about 100 weanling
golden Symn hamsters that were deeply anaestheuxed
with p bital. Animals were maintai for
566 days; those that contracted scrapie were killed when
the clinical diagnosis was conclusive, and animals still
alive at the end of the study were killed, All brains were
tested for the presence of the proteinase K-resistant
form of prion protein by western blot .using 3F4
antibody.

The limiting dilution of an endpoint dilution titration
is that at which not all of,the inoculated animals
become infected. At limiting dilution, the distribution
of infectivity into individual inoculations is described by
the Poisson distribution, where P(0)=probability of no
infections at that dilution and inoculation volume, or
{1~probability- of infection). From' the Poisson
distribution P(0)=e™~ and titre=—Iin(P[0]) expressed as
1D/(inoculation volume). SD of the limiting dilution
titre is the square root of the titre in ID/mL divided by
the total velume inoculated in mL. o

Table 1 shows the distribution of ‘cells in
each component” of the scrapie-infected blood.
Leucofiltration reduced the number of white blood cells
by 29 log, thereby meeting the AABB standard, White
cell contamination of the red blood cell fraction and red
blood cell recovery were within AABB specifications of
less than 5X10° and greater than 85%, respectively.
Hamster platelets are not removed by the WBF2 filter,
and partition with the red cells during centrifugation,

The incubation times of infections in each

measurement are shown in the figure. At limiting
dilution, incubation times begin at the end of the
predictable dose response scen in endpoint dilution
titrations (about 140 days) and rarely extend beyond
500 days. All clinical and western blot results were
consistent,

The limiting dilution titre of the whole blood pool
{table 2) was close to the values from titrations of
similar pools of whole blood by this method
{unpublished data). Leucofiltration of whole blood
removed only 42% (SD 12) of the initial TSE infectivity
{table 2); of the 5900 ID present in the original unit of
blood, 3400 ID were recovered in the leucofiltered
blood.

Ideally, leucoreduction would be validated by
measuring infectivity concentrations- before and after
leucoreduction of full units of vC]D-infected human
blood. However, it is not currently possible to assay

wwwi.thelancet.com Vol 364 August 7, 2004
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either infectivity or the infection-specific form of the
prion protein in human blood. By contrast, limiting
dilution titration of rodent bloed can detect less than
1 ID/mL of TSE infectivity and can readily show a
difference of less 20% between samples. With this
technique we did a study that: avoided the issue of
spikes by using endogenously infected blood; avoided
the question of scale by using a human-sized unit of
fresh ‘hamster blood obtained within the time limits
specified for human blaod; minimised the possibility of
artefact by using a commercial blood collection set with
integral filtration unit and a blood centre centrifuge and
expressor; and achieved precision in the infectivity
measurements by limiting dilution inoculation of 5 mL
of each fraction. We assessed the performance of the
filter by measuring the level of white blood cell
reduction obtained and the cell recoveries of each
component. The leucoreduction met or excecucd AABB
specifications for all relevant variables.

Leucoreduction removed only 42% of the initial TSE
infectivity from whole blood. This distribution is
consistent with that obtained in a centrifugal scparation
of TSE-infected hamster whole blood, in which the
buffy coat.contained 70% of the total whitc cells but
only 45% of the total whole blood infectivity
(unpublished data). Both methods showed that a
substantial proportion of the TSE infectivity was rot
associated with white cells. We have shown previcusly’
that TSE infectivity is not associated witn highly
purified platelets, and we are currenty testing purified
ted blood cells. We presume that the majority of biood-
borne infectivity is plasma-associated.

Although' leucoreduction is a necessary step for
removing white-cell-associated TSE infectivity [rom
blood, this process is insufficient to remove the risk
from an infected transfusion unit. Due to the low
concentration of TSE infectivity in blood and the
absence of screening or inactivation alternatives,
removal is an atlractive strategy. However, the
feasibility of removal depends upon the actual

.associations and distributions of TSE infectivity in

blood itself, which can only be ascertained by
assessment of endogenous blood-borne infectivity.
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predicting susceptibility and incubation time of
human-to-human transmission of v(JD

isar, H N Bayl

Summary

caused concern over spread of the
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sackground Identification of possible tansmission of variant Creutzfeldt-Jakob disease (vC]D) via blood transfusion
; svase within the human population. We aimed to model iatrogenic spread to
rison of transmission cfliciencies of vCJD and bovine spongiform encephalopathy (BSE} and an

issessment of the effect of the codon- 129 polymoiphism on human susceptibility.

riethods Mice were praduced to expre

kground were §

dentical i

1uman or bovine prion protein (PrP) by direct replacement of the mouse PrP
e Stnce the human PrP gene has variation at codon 129, with MM, VYV, and MV genotypes, three inbred lines with
. Juced to express human PrP with the codon-129 MM, MV, and VV genotypes.
Ve were rociialed with BSE or \C] 1 and assessed for clinical and pathological signs of disease.

ndings BSE was transmitted to the Povine line but did not transmit to the human lines. By contrast, vCID was
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itted o .‘1 thre2 human hnu with different pathological characteristics for each genotype and a gradation of
1n beings is, probably restricted by the presence of a significant species
substantially reduced barrier for human-to-human’ transmission of vCJD.

sians A lergthy preclinical disease is predicted by these models, which may
ither discase tras ~~.\.1ssinn and thus a significant public-health issue.

have not been established.*” Codon 129 of the human
PRNP gene has been shown to affect the clinico-
pathological phenotype of disease in CJD and fatal
familial insomnia.** Heterozygosity at PRNP codon 129,
when compared with homozygous individuals, has been
reported to lengthen incubation times in ifatrogenic CJD
cases associated with growth hormone treatment, and in
kuru,”* whereas valine homozygosity (VV) has been
proposed to be protective for both BSE and vCJD
transmission in studies that used murine models
overexpressing human PrP.* At a molecular level, the

biophysical properties of PrP refolding into the disease

associated form (PrP*) have been shown to be affected by
the codon-129 genotype, with the methionine variant
having an increased propensity to form PrP*like
structures.®

We sought to analyse the transmission characteristics
of BSE and vCJD to four inbred lines of transgenic mice
after intracerebral inoculation with brain homogenate
from cases of vCJD and BSE. We then aimed to use these
models to address the apparent low level of vC]D in the
human population resulting from exposure to BSE and
to predict the potential for human-to-human spread of
vCJD and the susceptibility of dlfferent genotypes in the
human population.

Methods

Transgenic mice

Details of how the gene-targeted transgenic lines were
created are supplied as supplementary information

>@
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Figure 1: Western blot of brain extract from uninoc .
Prpis detected with equivalent electrophoretic moniity and ¢

ratio in all three human transgenic lines

Dediglycosylated PPt band; Memonosg'cosyiat
PrP* band. In the BovTg ling, 3 deglycoslated ba,
malecular weight due to the additional N-termina.
Protein levels are simitar to the wildtypr Hing used i
(12901a). Glycosylation s confirmed by the sedu:

deglycosylation with the enzyme PidGaseF. Tre ant

for the HumTg blot as it will teact with &

was used for the BovTg blat

See Online forwebappendis  (webappendix). Transgenic mice were anaesthe
halothane and then injected with 002 m'
homogenate into the right ceru)ral ¢

vC]D tissue homogenate (at 167

by the UK National Institute for Biologi
and Control (Code 'NI{BY0/0003}

brain (Veterinary Laboratoriez Ag

12/92) was prepared by maceration of
saline to a dilution of 10" From 100 days

scored each week for signs of disea

Figure 2:

is deposited in a more diffuse/granular form with occasiona- plaques.

Loth nhrine ans

y of histological sections with anti-PrP antibody GH4 shawing the ¢
hippocampal, and thalamic regions of the mouse brain with Prp detection (brown}
A-D: Human transgenic mice with vCD inaculum. A: HUMA' mouse 653 days post in_cu
707 days post inoculation, C: HuVY mouse 653 days post in xculation. 2: Flarid plagu
of the HUMM mouse in pane! A. Each plague has an eosinopniiic core with a paler hars ana
of vacuolation (haematoxylin and eosin stain). E: Hippacamaal regian of a BovTg meuse i
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5 1 deoxycholate, 0.9% w/v sodium
chioride, SO0mM Tris-HCi pH 7-5) to give a 10%
1 jon. T as cleared by centrifugation

1. This material v
supcrnatant digested with PNGaseF, The
products were denatured then leaded onto a 12% Novex
Tris/Glycine gel (Invitrogen, UK). Afier electrophoresis
the gel was blotted onto PVDF membrane. PrP was
identified - with  the  SuperSignal  West Dura
chemiluminescence detection kit (Pierce, UK) with
primry antibody 8H4* at 1:20000 and an anti-mouse
1gG peroxidase-linked secondary (Jackson Immuno
Rescarch Laboratories, UK) at 1:10000. Images were

capiured on radiographic film and with a Kodak 440CF

irmager (figure 1).
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Resuits

We first invesugated the potential effects of the species
barrier between BSE and human beings and any
alteration in that barrier once BSE had passed through
peepie in the form of vCJD. We then investigated the
efiect of the codon-129 polymorphism on human-to-
humizn: transmission of vCJ D using gene-targeted inbred
e developed by direct replacement of the murine PrP
gene Jor the human gene. These mice produce PrP under
the control of the normal regulatory ciements for PrP
hus express physiological concentrations of PrP
with the correct tissue distribution (figure 1. Three
inbred lines with an identical genetic background were
prodicced to express human PrP with the codon-129 MM,
MV, and VV genotypes (designated HuMM, HuMV, and
HuVV, respectively). Each line differs by only a single
codor: in PRNP and in all other respects the mice were
gencticaily identical. Additionally, in an identical manner,
we produced mice that express bovine PrP to enable
direct comparisons to be made not only between
cenic and wild-type mice, but also between each of
the tinsgenic lines.

Typical clinical signs of TSE discase were seen in more
£ {15/22) the BovTg mice inoculated with BSE
material with a mean incubation period of 551 days (SD
7). These clinical cases were confirmed by a positive
the presence of TSE vacuolation or PrP*
deposition by immunocytochemistry. The lesion profiles
generated for targeting and degree of vacuolation
showed  similar patterns for all positive mice.
Immunocytochemical data showed PrP* deposition
nly in a diffuse and synaptic fonn, and also as
P“Equ- like structures, frequently associated with areas
ol spongiform change (figure 2). Deposition was mast
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abundant in the thalamus and hippocampus, but was
recorded throughout other regions of the brain. The
cerebral cortex showed only occasional plaque-like
structures and the cerebellum had only a few areas of
PrP* deposition limited to the granule cell layer. Further
pathological analysis was undertaken on mice that were
culled for reasons other than clinical TSE (intercurrent
deaths). This analysis showed that all the brains had
pathological signs of TSE disease in terms of vacuolation
or PrP deposition. Thus, all the bovine transgenic mice
(22/22) seemed to be susceptible to BSE infection,
although not all developed clinical signs of infection
(tables 1 and 2).

HuMM, HuMYV, and"HuVV mice were inoculated with
BSE material and after extensive pathological analysis all
were confirmed as negative for TSE transmission
{table 1). Mice of each genotype line were inoculated with
vC]D material. Two pathologically confirmed clinically
positive mice were seen in the HuMM line (at 497 and
630 days post inoculation), one in the HuMV line (at

*Negative by dlinical or pathological analysis, or positive by dinlcal scoring Eut not confrmed by pathology.
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Clinically pasitive Vacuolation pesitive  Pre pasitive Negative®
HyMM {n=17)
0-400 0 o 2 2
401-500 1 1 B 2
501-600 [ 1 3 2 N
>600 1 4 5 o
HUMVY (n=16) B
0-400 [ 0 o °
. 401-500 0 ° 5 o
501-600 Q [ 4 3
>600 1 1 7 H
HuVV {n=16)
0-400 [ 0 a 0
401-500 0 0 0 1
501-600 0 4 o s
»600 0 1 1 ]

Table 3: Clinical and pathological scoring of human transgenic mice, by number of days after v;C

inoculation

(table 3). HuMM mice were more likely to show d
associated vacuolation, beginning at around §
post inoculation. Six were scored positive an
similar distribution of vacuolation in the brai
highest levels found in the dorsal medulla, tha

in each of the HuMV and HuVV groups scorce
for vacuolation at approximately 700 <&
inoculation.

Most of the HuMM :ice (11/i5) sh
deposition in most areaz of the brain ata relats
stage {from around 370 days post inoculation),
vacuolar pathology became evident. From 50C <z
inoculation the appuarance of  vacuolation
accompanied by a significant increase in PrP*
By contrast, although PrP* deposition was id::
many HuMV e (11,13}, they had little
restricted to only a few areas (including the ve
and ventromedial thalamic nuclei and the red =
the mid-brain), even after 700 days post itocul

HUAM®

conexang ..
bellar cortex (miniral) . an, .

* Thasus (sever) <ere
hippogarmpus (mild); c

id and nonsflord b evidence o o

amifhoid plany
¢ hippotampus; 6

cerebral cort
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PrP* type will remain a useful diagnostic feature of
secondary vC]D infection irrespective of codon-129
genotype, as has been observed for the two extant cases
of transfusion-associated vC]D infection.’? N

Transmission of vCJD to the three lines of human
transgenic mice indicates that the human population
could be at significantly heightened risk of developing
disease after iatrogenic exposure to vCJD. Secondary
transmission of vC]D has partly removed the cattle-to-
human species barrier and has resulted in an agent that
can be transmitted from human to human with relative
efficiency. Transmission studies in cynomolgus macaques
provide further evidence for this agent adaptation as they
show reduction in incubation times after-serial passage
of BSE.™ Our BSE inoculation at 10" dilution was
compared with vC] D inoculation at 107 because the latter
inoculum was found to be toxic to the mice at 10" Use of
a higher dose of vCJD inoculum would have maintained
or increased the transmission efficiency of vCJD and
enhanced the current findings.

Our findings raise concerns relevant to the possibility
of secondary transmission of vC]D through blood
transfusion, fractionated blood products, or contaminated
surgical instruments. For this study mice were injected
intracerebrally, whereas the probable human exposure to
these agents is by peripheral routes {eg, oral or
intravenous), and thus human-to-human exposures
might be significantly less efficient. However, it is difficult
to know for sure what the practical implications might be
in human beings. Peripheral route challenge is in
progress; however, BSE transmission studies in primates
have shown the intravenous route to be as efficient as the
intracerebral route, with an extension of the incubation
time.®

Although all .cases of vCJD up to now have been
observed in the MM genotype, this model of human-to-
human vC]D transmission suggests that other genotypes
are also susceptible. In our experimental setting, all
PRNP codon-129 genotypes are susceptible to vC[D
infection; however, progressive development of
pathological TSE features (vacuolation and PrP
deposition) is more rapid in the MM-genotype mice. An
explanation for this finding might be provided by in-vitro
conversion of recombinant human PrP by BSE and vC]D
agents, which has shown that PrP with methionine at
position 129 is more efficiently converted than PrP with
valine, and that conversion by vC]D is significantly more
efficient than by BSE” Long incubation periods during
which PrP* is deposited predicts that, in human beings,
infection could be presentin all genotypes for a significant
period before clinical onset, Incubation periods of more
than 30 years have been reported in the human TSE
disease kuru.®

The possibility that an MV or VV genotype could result
in a phenotype distinct from that recognised in vC[D
draws attention to the importance. of systematic
assessmerit of the clinical, genetic, pathological, and
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TRANSFUSION MEDICINE

Prion diseases are efficiently transmitted by blood transfusion in sheep

Fiona Houston,' Sancra vl

<effrey® ard Nora Houn

Tne emergence o Creutzield-
Jakob disease, foliswing an from the be-
thy (BSE;
epidemic. ted to cancerns about the po-
tential risk of iatrogenic transmission of
discase by blood transfusion and the
introduction of costiy contrcl measures
to protect b'cod supplies. Vio previcusly

ving spongiform encephaios

repartec preliminary dala demonstraling
the transmission of B8SE and natural
scrapie by hlood lranslusion in sheep

The final results of this experiment, re-
poried here, give unexpectedly high trans-
mission rates by transfusion of 36% for
BSE and 43% for scrapie. A proportion of
BSE-infected tranfusion recipients (3 of
8) survived for up to 7 years without
showing clinical signs of disease. The
majority of transmissions resulted from
blood collected from donors at more than
50% of the estimated incubation period.
The high transmission rates and rela-

2on,” Wiifred Goldmann,2 Angela Chong,2 James Foster,2 Silvia Sis6,? Lorenzo Gonzalez 3

ton, United Kingdom; 2Neuropathogenesis Division, Rosiin Institute, University of Edinburgh, Edinburgh,
ary Laboratories Agency, Penicuik, United Kingdom

tively short and consistent incubation
periods in clinically positive recipients
suggest that infectivity titers in blood
were substantial and/or that blood trans-
tusion is an efficient method of transmis-
sion. This experiment has established
the value of using sheep as a model
for studying transmission of variant
Crautzfeid-Jakob disease by blood prod-
ucts in humans, (Blood. 2008;112:
4739-4745)

introduction

Transmissible spongiform encephalopathics (TSEs) are neurodegenera-
tive diseases, which include Creutzfeld-Jakod discase (CID) in man,
scrapie in sheep and bovine spougiform encephalopathy (BSE) in cattle.
A new variant of CID (iermedd vCID) was recognized. in the United
om in the mid-1990s, appareatly as a result of transmission of
BSE to humans.! To date, there have been 165 cases-of vCID recorded
in the Uaited Kingdom, as weil as several cases in other countries,
Human TSEs arc characierized by long asvmplomatic incubation
s no reliable test for
inical disease. It is not
the United Kingdom harbor vCID,
screening of tonsil and appendix
s suggest there could be up to $000.2 These infected
a risk of hun

periods (usually several yeais), and the

ore the onset of

detecting

known how many people ir

albthn estimates bascd o

sam

persons po -te-human transmission via blood

transfusion of contaminated surgical inst:uments.

T patienis with vCJD, there is widespread replication of the
infectious agent aud deposition of PrPSe (Jisease-associated form
tymphoreiicuiar tissues, such-as the tonsil,
spleen, and [ymph nades, in contrast to sCID, where lymphoreticu-
lar involvement is minimal.’ The fact tha! lvmphocytes continu-
ously reciculate between biood and ly miphoreticular tissues strongly
suggests that the bicod of vCID paticnts is probably infectious.
Data from radent TSE models nad shown that the highest levels of
infectivity in blood were associated with leukocytes and, to a lesser
extent, plasma.® As a resull, costly control mcasures such as
leukodepiction (filtration of bioed and blood products to remove
leukocytes) and importation of plasma were introduced to protect
United Kingdom blood supplics, despite the limited data that were
then available to judge the size of the risk and the efficacy of the
control measires.,

of prion pratcin} in

The potential for using sheep as a model for studying the risks
of vCID transmission by blood transfusion was highlighted by the
similarity between the distribution of infectivity and PrP% in sheep
infected with TSEs and humans infected with vCID.57 One factor
limiting the successful transmission of TSEs by blood in rodent
models was the small volumes of blood that could be injected. In
contrast, the relative similarity in size of sheep and humans means
that volumes of blood comparable with those used in human
transfusion practice can be collected from and transfused into
sheep. Using this model, we previously reported preliminary
results showing that both BSE and natural scrapie could be
transmitted between sheep by blood transfusion.3? Although scrapie
is not thought to be transmissible to humans, it was included as a

p ive of infection acquired under field conditions, which
may give different results to-those obtained from experimentally
infected animals. Qur blood transfusion experiment in sheep is
complete after 9 years, and this paper presents the full data from the
study. The overall transmission rates for both scrapic and BSE are
surprisingly high when factors such as the stage of infection and
genetic background are taken into account, suggesting that blood
transfusion represents an efficient route of transmission.

Methods .
Donor and recipient sheep

The animal work was reviewed and approved by internal ethical review
procedures at the Institute for Animal Health, United Kingdom, and carried
out under the authority of Home Office Project Licences.

PrP genotypes of all sheep were confirmed by sequencing the coding
region of the PrP gene'® and are represented by single letter amino acid
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_ positive and negative controls were housed in a

- result in relative resistance to oral infection with BSE.
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BSE blogd trangfusions
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code for codons 136, 154, and 171, which have
susceptibility (eg, ARQ represents alanine, argini
tively, at codons 136, 134, and 171).

All donor sheep were from the Edinburgh NPU Cheviot flock, which
has endemic natural scrapie. The recipient sheep (including scrapie 36
negative control donors) were Cheviots derived from the DEFRA scrapie-  tisst
free (DEFRA/SF) flock of New Zealand origin. Transfusion recipients and oy {1 I 2 Jonois ¢
pose-built isolation unit §

Leen linked (0 scrapic
and glutamine, respec-

on a different site to the donors, with strict procedures in place to minimize
the risk of cross-contamination between groups, as cescribed.? The sheep
were scored at weekly intervals for clinical signs of TSEs and kilied when
they reached humane endpoints agreed with the Home Office. Tor
experimentally inoculated animals (BSE donors, positive controls, and
transfusion recipients), the incubation period (iP) in clinically positive
sheep was defined s the period between the date of tnoculation and the cate
of death. For scrapic-exposed donors, the 1P in clinically positive sheep was
defined as the age at death (ie, they were assumed 10 have become infec
immediately after birth).

Bloed collection and transfusian

Procedures for blood collection/transfusian were o
Briefly, venous blood (430-300 mL = 1 unit) was
collection bags (NBPI-Fresenius, Emmer-Comp:
containing citrate phosphate dextrose adenine sl i
From dorors that were about to be killed, 2 units was collected jusi befo:
postmortem, whercas {rom donors that were o be left alive, s
collections of ! unit were made at lzast 28 days apart. How
2 units of bic
eod was oblained, onc

inn as anticoagui

practical reasons, it was not always possibe to co
every donor sheep. In most cases where 2 units ©
was transfused as wholc blood (without icukodeple
used to prepare a bulfy coal fraction.

1) and the other was

BSE blood transfusions

Fifteen sheep experimentally inoculated cither ocaily (n = 14) or intracere-
brally (n = 1) with 5 g or 0.03 g, respectively, of BSE-infected cattle brain
‘homogenate were used as blood donors. The donor PrP genolypes were
ARQ/ARQ (n = 3), ARQ/AHQ (n = 5), or AHQ/AHQ (n = 7), which are
tesistant 1o natural scrapie in the NPU fiock but produce the shortest 1Ps
after inoculation with BSE. Two sheep previously reported as donors® were
excluded from the study (along with their recipicnts) when regenotyping
showed them to be ARQ/ARR and VRQ/AHQ, respectively, genatypes that

fwo reciinn

and the
Eleven donor sheep provided blood for transfusion at the preclinical
stage of infeclion. Eight of these were culled at the time of donatian as part
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Tavle O eoliranstucions from GSE-2:00sed donor sheep
Seoror sne s celails Recipient sheep details
Percentage af
Doros neubahion Recipient PrP
snenp Doner Chmicaistatus period al Cinical IHC Comp: ipt 168 codon Clinical  {HC  incubation
i Jorotyse aldonatcn donalon® outcome result period,d transfused  sheep D genotype ouicome result period, d
SROQIARO 12 + + 213y WB D529 PP +t - -
ARGIARG a - +/- - wB D433 PL - - -
44 (ORG)$ wB F14 PL - - -
SRTAT ARQUAHD Freginica, 42 ~ - - BC’ F1az PP - - -
a4 ws F181 PP - - -
Biali ARDIAND Frecinica 12 - - - BC F238 PP +1 - -
43 wB F234 PP - - -
ARTAMD 3 - - - wB F1g PP + + 536
J2355 AHOAHS 5t - + 629 WwB D508 PP + + 610
oA ARTARD g1 - +/—(IPP)} - 8C Dase PP - - -
ARNAHC ' - - - WwB Da2t PP - - -
&t " o8C 0384 PP - = -
EANDT AHDARC Pl &1 - - - wB D4s2 PP - +§ -
51 BC D3tg PP - - -
- - wa D337 PP - + -
wa D38s PP - - -
+ + 761 we D34y PP - - -
+ + 561 BC GE1 PL - + -
+ + 589 wB G74 PP + + 594
- + 680 wB G, PP + + 586
BC Gag PP + + 531
“ + 671 wsB T Gg2 PL - + =

TRCse HBsUns wern

§7his sneep ted elur

ap:

s agnareati, heaity st
Scran o An8 inerelord unine

VRQ donors. There were
1zansfusion, and the other
after transfusion. None of

hs at 3

¢ culled vesvern 3

PePS: dotection by immunnt stochenistry

nesenienic lvmph node, and palatine
xed in farinaldehyde and processed
cions were immunolabeled for Prpse
5 , which recognizes the
vine PrP ! as deseribed previously. 213

Tissus sainp

terst ol the sh

oand D3G5) of 12 sheep transfused
v ibe preciteical phase of infection
1P respectively), as reported

s clinically affected by BSE
s inthe 5 clinically positive

i to 610 ays after transfusion
- Suf = 35 days), and there was

sl roo! ganglion; IPP, lleal Peyer patch; +, positive: and —. negative.
s af conation, as a percentage eliher of the finaf incubation period (in sheep kept alive until the davelopment of clinical
:3 donors (840 days), excluding the outlying incubation perlod of 2131 days (58x51).

i examination of tissues from these clinical suspects; therefore, it is most likefy they were clinically misdiagnosed.

no obvious difference in the IPs of those that received blood from
preclinical or clinical donors.

One recipient (D452) of whole blood from a preclinical donor
died of unrelated causes at 1139 days after transfusion but had
PrPSe-positive IHC labeling in brain and other tissues. One of
3 recipients of whole blood (G92) and one of 2 recipients. of buffy
coat (G61) from.clinical donors showed weak PrPSe deposition in
the brain and lymphoid tissues after being culled at 2003 and
2497 days after transfusion, respectively, in the absence of clinical
signs. Full sequencing of the PrP gene of these sheep revealed that
they carried an additional proline (P) to leucine (L) substitution at
codon 168,"1% which appears to be associated with the prolonged
survival of these infected sheep. The polymorphism was also
identified in "2 recipients. of blood from a preclinical BSE-
challenged donay, neither of which showed evidence of infection.

Taking' the results for all 22 recipients of blood from BSE-
exposed donors, S clinical cases and 3 sheep showing evidénce of
infection in the absence of clinical signs were identified, giving an
overall transmission rate of 36%.

One recipient was culled for health reasons at 1444 days after
transfusion, 2 were culled with suspected TSE clinical signs at
2480 and 2160 days after transfusion, respectively, and the
remaining clinically negative sheep were culled between 2239 and
3068 days after transfusion: With one exception, examination of
the tissues by IHC did not find evidence of infection, The exception
(D337) was culled at 3018 days after transfusion and showed

a instiln
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Table 2. Cutcome of iranstusions from scraze:.

Conor &

Donor

sheep Conar Clinical status 1

] genatype al conaticn “esuit

B7xa2  VRQNROQ Preclincal 17 - -
9

68x48 VAQNVRQ Preclinigai 17 - -
3

€7x23 VRONRC Prectnica t E -
20

65x13 VRQVRG Preclinical 23 3 -
3

65x02 VRQNVRG Preciinical 54 -
a7

85x03 VRQARQ Precin.cai 34 - -

B1x75 VROQ/ARQ Praclinical 53 N -

61x68 YRONVAG Precinicat 64 . *
63

61x66 VARQVRQ Mrecliniza 42 HO
54

59x27 VRQVAD Prechaca T3 - “

59x28 VAQVRG Clinizal 153 - .

+ indicates positive: a~d . negative.
*Calculated from the age af tha tme of donaticn, as 4 o
the average incubation peniod (1255 days) for
tNo evidence of inlecliun was found on pas

< from

il

positive PrPS¢ labeling in the brain, but with s

that obscrved in other BSE-infectad shecn. Lrain Pride
distribution involving major white matice i.cts and sparir; the
dorsal motor nucleus of the vagus was tof Nord (or

) be trassiusions

“atypical” sheep scrapic) and therefois G
related. No other sheep in the prescat studs showwd evidoice of
being infected with atypical scraple.

Of the 10 sheep that were infecter intravinousiy wit
positive controls, 8 developed clinical signs < imed
with an average IP of 702 days (% 61 days, SD
2 animals were culled at 2591 days att
demonstrably clinically affected, IHC
the brains and lymphoid tissucs of both an
were hefcrozygous (PLygg) for the Prb p
whereas the other 8 were homozygous (P

The PtP3¢ profile obtained by IHC {rom BS
was the same as that found in the onaily ino tdonors and
the positive controls.' In addition, characterisiic BS
patterns were obtained by Western bt an
donor and recipient sheep (data not shown},” and incculath
homogenates from infected donors and recipients tite a panel of 13bied
mouse strains produced 1Ps acd lesion cteristic ol BSE
(data not shown). Taken togetier, these : nhat the Siain
characteristics were not altered afler transiy

I as
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he roimaining
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>
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Scrapie transfusion experiment

Four of 10 recipicats of whele blood and 4 of 10 recipient

coat from donors in the preclinical phase «f scora
developed clinical signs of scrapic, which
positive JHC results. Onc sheep transfuscd wi
single clinical donor was also clinically aifect
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' ! H
o I
17-20% 28-37% 53-77% 1
Donor - estimated percentage of incubation period af donation

Figure 2. Qutcome of ranstusions as a lunction of the stage of disease incubation in the donor, {A) BSE-Infected donors. (B) Scrapie-infected donors, For each stage of
infection in the danor sheep, the number of uninfected {0), clinically positive/ IHC-positive (M), and clinically I 1C-posilive (@) recipi are shown.,

iransmitted between sheep by blood transfusion, using volumes
simiiar to those used in human transfusions. The overall transmis-
sion vates (percentage of all recipicnts that became infected) were
36% for BSE and 43% for scrapie. For BSE, the figure was much
higher than anticipaied because 3 of the 8 BSE-infected recipieats
survived for jong periods without showing clinical signs, whereas
all the scrapic-infecled recipients jdentified by IHC were also
clinically positive, The greater probability of subclinical infection
in recipicnts of biood from BSE-cxposed donors is largely the
result of variability in the genetic susceptitility to infection among
sheep used in the BSE experiment, which will be discussed in
“Effect of genetie variation in susceptibility.” The results are
consistent with the known facts about transmission of vCID by
blood transfusion in humans.”” Sixty-six patients known to have

more than 1000 days. The data are consistent with a gradual
increase in infectivity in the blood, from approximately 30% to
50% of 1P until the clinical phase. ’
In the BSE transfusion experiment, thé correlation between
stage of infection and transmission is not clear-cut but shows the
same gencral trcnd of increasing probability of transmission’ to

asi g in the donors (Figure 2). Possible

cxplanauons for the lower transmission rates from preclinical
BSE-infected blood donors compared with preclinical scrapie-
infected donors include the following:

(a) Variation in susceptibility to infection of both donor and
recipient sheep.

received labile blood products from 18 donors who subsequently
developed vCID were followed up in an ongoing study. Three of
these recipients have beea confirmed clinically and pathologically
as vCJD cases, with intcrvals between transfusion and the develop-
ment of clinical signs ranging from approximately 6.5 years to
8.5 years.'$2 Another paticnt, who dicd of unrelated causes S years
after transfusion, showed PrPS¢ deposits in lymphoid tissues but not
brain postmortem, and is thought to represent preclinical or
subelinical infection.! These 4 paticnts represent 6% of the total
recipients, or 12.5% of recipients surviving longer than § years,

Various factors influence the transmission rate by transfusion in
both sheep and humans, including: (1) the interval between blood
donatinn and the onsel of clinical signs in the donors, (2) genetic
variation in susceptibility of donors and recipients, and (3) the
blaod compencent transfused.

Stage of incubation period of the donors al the time of blood
donation

The cffect of the stage of incubation can best be deduced from the
tesults of the scrapic transfusion cxperiment because the PrP
genolype of the sheep used (VRQ/VRQO) renders them almost
100% susceptible to natural and experimental infection,® The stage
of incubation of the donor has a strong influence on the probability
of transmission to the recipient (Figure 2j. When donations were
made at iess than or cqual to 20% af the cstimated IP, there was no
discasc ransmission, whercas conations made at more than 50% of
the estimated IP produced ar transmission rate, with a mean
1P of 729 days (= 99, SD) in the recipicnis. Blood collected at
28% to 37% of the estimated 11 transmitted infection at a lower rate
of approximately 33%, and with longer [Ps in the recipients of

(b) Diff § in the ', hogenesis of natural scrapie and
experimental BSE. VRQ/VRQ sheep naturally infected with scrapic
have d ble PrPS< deposits in lymphoid tissues early after

infection (je, < 50% esumated IP).%2¢ Time course studies of
ARQ/ARQ sheep orally infected with BSE showed that PePS was
not consistently detected in lymphoid tissues before at least 65% of
the average IP.7 If infectivity in blood correlates with its presence in
lymphoid tissues, this could explain the differences observed in the
2 transfusion expcriments.

The probability of transmission from preclinical donors is of
greatest relevance to the human situation. In the case of the
4 transfusion-related tr of vCJD, the donors developed
clinical signs between 17 and 42 mionths after donation. The mean
P for vCID has been estimated to be 16.7 years, with a lower
95% confidence interval of approximately 12.4 years.™ Therefore, it is

bable that the i lated vCJD cases resulted from dona-
tions made at least halfway through the IF, which is in agreement with
the data fmm the sheep experiments. In vCID cascs, the timing of
d ble lymphoid replication in the preclinical stages of disease is
unknown; therefore, it is not clear whdher the peripheral pathogenesis
more closely resembles BSE or natural scrapie in sheep.

Effect of genetic variation in susceptibility

A small proportion of sheep with Ay36Q171/A136Qm PrP genotypes
do not die of infection after natural or experimental exposure to
scrapie and BSE, or have very prolonged incubation periods.®3
The ‘reasons for this variability in response are not clearly
understood, but it can be predicted to reduce infection rates in both
donor and recipient sheep in the BSE transfusion experiment. The
majority of preclinical donor sheep (8 of 11) in the BSE transfusion
cxpcrimcx'n were killed at, or shortly after, the time of donation, and

From www.bloodjournal.org at Naticnal institute of Infec
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none showed conclusive evidence of infection, a
ted infection to their respective transfusion recipicats. It is paten-
tially significant that donors that failed to transmit infecticn were
heterozygous at PrP codon 154, whercas those that did tiansmit
infection were homozygous. Thus, variable susceptibility
tion among the donor sheep may be the result of a protecti
of codon [54 heterozygosity to oral chalien,
more data arc required to confirm this association

A novel polymorphism, resulting in a
substitution at codon 168 of the PrP gene, wa
transfusion recipicnts and 2 positive coniroi sheep inozuls
intravenously with BSE. ™ All 6 survived morc than 2000 days
without developing clinical signs of BSE. but on posin
examination 4 showed PrPS¢ deposition in brain and lymphoid
tissues. This suggests that the P16SL polymorphism can protect
against clinical discase but does not prevent infection by tie
intravenous route. This polymorphism has not been identified in the
Edinburgh NPU Cheviols uscd as donoss in the BSE experiment or
in sheep with the VRQ/VRQ genotype.

Although the genetic basis of susceptibility to BSE infection in
sheep and humans is not directly comparable, the variabiiity in  shegy

ugh 2 transmit- sh

riem,

. response to BSE found in ARQ/ARQ sheep provides a more  with

realistic reflection of the situation with vCID in the human  the dovelo
population than the very uniform susceplibility of VRQ/VRQ

sheep to scrapie infection. In addition, the survival of BSE-is
transfusion recipicnts for up to 7 years without clinica!
demonstrates that pm[ong,d sccondary incubation periods and/or a
subclinical/“carrier” state are possible after transfusion in sheep.
The existence of such subclinical or prolonged preclinical iafcction
states in humans is recagnized as one of the important ‘actors
influencing the probability of onward transmission, and thus the
potential size of the vCJD epidemic.’® Susceptibility to human
TSEs has been linked 1o codon 129 of the PrP gene, which can
either methioning (M) or valine (V). Until recently, alf clinical c.
vCJID (including the 3 wansfusion-relaled cases) that have beei t
have been homozygous for methionine at 129 (12511M), Lnter i
the “preclinical” patient thought to have been infecied by traniiusion
was heterozygous (129MV).2 There is accumuiating evid
suggest that all human 129 penotypes may be susceptible &
infection, with apparently greater likelihood of subclinical infe.:
129MV and 129VV persons 2032

Effect of blood component

The 4 transfusion-related vCID infections occuricd in patic
received transfusions of red cells that had net beea leukod
Leukodepletion was introduced in the United Kingdom in 1999 ta
control the risk of transmission of vCID by blood trans
because previous studies in rodents had shown that i
appeared to be concentrated ia the buffy coat, which coatains most
of the blood leukocytes.* Subsequently, leukodepletion of b
from scrapic-infected hamsiers was shown to remove up to 7
infectivity.?** In"the sheep experiments, anly whole blaod and
buffy coat were transfused because we were seeking to ¢
proof of principle of transmission of TSEs by blood trans(usicn,
and assessing whether infectivity appeared 1o be conceniraied in
the buffy coal. The cifcct of feukodepletion was not inves:
butis being addressed in a follow-up study, along with est
the distribution of infectivity among other biood companents,
including plasma, platelets, and red cells.

In our experiments, transmission rates did not appear 1o b
significantly different in recipients receiving whole blood 2oni-
pared with recipients transfused with buffy coat. The nu:

i ol
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ABSTRACT

Transfusion transmission of the prion, the agaat
Subjects infected through food may tra smit
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ARTICLE TEXT

The first case known in the history of medicir as
United Kingdom (UK)," where the epidemic spraa
by bovine spongiform encephalopathy (GS L
livestock with animal food prepared from rasi
which died from scrapie and cattle atfecied b a ap:
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BSE agent was transmissible to man. A new ! 1 patheisgy ooy
Creutzfeldt -Jakob Disease (CJDj, trans:vittad oy & variant of tng .2
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and i3 somposed purely of protein.®® The "normal® prion or PrP® (*proteinaceous particle') is a protein expressed
on the cellular memirane by a number of tissues, but the greatest amount is found on the neurons in the brain.
Sensitive to the action of proteolytic enzymas, PrP® has a Half-life of a few hours. Despite having an identical
amiro acid sequence to that of tne normal form, the BSE agent is a prion of different conformation, designated by
the abbreviation PrP (sc for scrapie} and is derived from the isaform of the normal protein by a posttranslational
structural moditication and conversion to a richly beta-pleated sheet.* The abnormal prion has a tendency to
aggregate and above all a resistance (from which is derived its other abbreviation, *PrP'®®") to proteolytic
enzymeas (notably proteinase K), resistance iying in the majority conformation in beta-pleated sheets.” The prion
itseif rays a role of cofactor in this conformational change. In infected subjects, PrP*® induces, on native PP
molecuies, a conformation tnat confers on them their pathologic character, and the phenomenon of amplification is
seti-propagated.® Bacause it affects the accumulation of a protein present in its natural state in the body, there is
no immiunologic response: neither the production of antibodies nor a specific cellular response. Accumuiation of
abnormal prions generates vacucles in the cerebral tissue; giving eventually a spongiform appearance and hence
the tit e "spongiform encephalopathy.” .

HUMAN PRION DISORDERS

sl eal to BN
The human transmissible spongiform encephalopathies (TSEs) generally follow a long incubation period, but with
subsecuent rapid evolution and ceath. Various forms are described:

. Tnedicpathic Siserders, principally the sporadic form of CJO (sCJD), which continues to be the commonest
Py It appears predominantly in the seventh decade, with an annual incidence.of 1 to 1.5 cases per million

soputation.” Daath foliows within 6 menths. This form, which is associated with a pathologic prion, has

v. It probably results from a spontaneous conformational modification of PrP to PrPsC,

. The genctic ferms: famital CID (1CJ0), Gerstmann-Strausler-Scheinker syndrome, and fatal familial insomnia.

. The acquited forms were, until 1866, ¢f human origin: kury, found in New Guinea and linked to funeral
rractices. and tha iatrogenic form of CJD, seen after use of contaminated neurosurgical instruments, corneal
crafts, cura mater, and intramuscular injection of pituitary hormones, obtéined from cadavers. Acquired

LAKACWN 2L

cisease of bovine origin, that is, variant CJD (vCJD) is seen in subjects infected with the BSE agent.3® This is
tae only humean prion disorder that has crossed the species barrier. The first series ‘of 10 patients was
dascribed in 1¢96 by the UK National CJD Surveillance Unit (NCJDSU) based in Edinburgh. The disease was - .
found chiefly ir adults under 40 years of age, contrasting with the mean age for sCJD. The disease is fatal in

a mean of 14 months, which is slower than the sporadic form.'9 Nuclear magnetic resonance imaging

scanning shows hypersignals situated in the posterior thalamus (“pulvinar sign"). Unlike other human prion

¢'sorders, notadly sCJD, in which the accumulation of abnormal prion protein affects the central nervous

system with a minimal perigheral involvement, vGJD progresses with invasion, by the abnormal protein, of the

cantralb nervous system, the peripheral nervous system, and other tissues, notably lymphoid: tonsils, )

zopendix, Peyers patches. and Lthymus.'’ Tonsillar biopsy may reveal the presence of PrPC, but a negative

rasuit does ol categorically exclude the diagnosis.

GENETIC INFLUENCES

FENEE-E

The pron protein gene is situated on the short arm of chromosome 20 and codes for 254 amino acids, with either
valing V) or methionine (i) al position 129. With two copies of the gene, an individual can be MM (39% of the
nermal pepuiation), MV (50%), or ¥V (11%}. This polymorphism is fundamentally important in the development of
the variant type of Uic disease, since there s a host susceptibility linked to the genetic type.'2'® Homozygosity
for M {WiM) acpsars to confer susceplibiiily 1o clinical expression and to influence the incubation period of the

.to date, in whom codon 129 typing has been performed, are MM homozygotes.'* In one

e the individual died & years after an implicated blood transfusion but did not have any
clinical symptoms of v&JD at the time of death, the genotype was MV. Furthermore, PrP*¢ has been detected in
the appendix of Lwo VV cases.'S Thé MV genotype and perhaps more the VV genotype could confer a protective
effect, but this remains true only until a symptomatic case of vCJD is described in a MV or VV subject .. In fact, we
know t1at incividuals with ail thres genotypes can accumulate PrPS¢ in vCJD-specific tissues, but we do not know
whether symptomatic cases will develop in all genotypes.
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EPIDEMIOLOGY OF vCJD

To December 2007, a cumulative total of 166 cases of vCJD have o2

accounts for the majority of cases worldwide. Mean age of affected wo»
with a slight male predominance. The mean duration of the sympicriiis
months). All tested patients were homozygous WM. The mast protas © i 0
dietary: no risk factor of other kinds of CJD was observed. '®'7 4 z:¢
transfusion, and some of these have been linked with a known infcciui

In France, vCJO incidence was, as in the UK, proportional to cielary
contaminated beef into France increased regularly from 1985 to

decreased in the UK over the same periodA18 However, the lavel of o
been 10 to 20 times lower than that of the UK, with moreover a diffaror
dates of occurrence: the comparison between the number of Fre
account the year of the beginning of the symptomatic phase) indi
occurred 5 years after the peak of the epidemic in the UK, where the nur
decreased since 1999.'7 This temporal gap in the epidemic in the
maximal exposure of the general population in the two countries.

Between 1996 and 2007, 23 vCJD cases have been registered i
58 years) and an equal sex ratio (12 males, 11 females). The cli
to those of the British vCJD patients. The mean duration of the sy

months}. All the analyzed cases were homozygous MM, without an
stays in the UK (less than 10-day periods) were mentioned in 3 i
the UK, for long periods, between 1987 and 1996.

In other countries, vCJD cases remain exceptional. A small number o
the UK, but there remain a number which appear to have been &
in Ireland, the Netherlands, Saudi Arabia, Spain, and Portugal and ¢

Several studies have been conducted to estimate the exte tre vl o

British retrospective study revealed the presesce of the abnorma’ . on <ur
12,674 individuals without clinical vCJD:2? tris rate appe ;
recorded in the general population. From thesz results, & sreval
was proposed (95% confidence interval, 49-732). In the most ;
highest range of this interval), 41,250 of 60 milion individuals wo.
the latest count of vCJD cases in the UK is more in agrezinent with :

In France, where the level of exposure was lowar than in the UK, estin

60 years have been suggested in one study, - and 205 cases in &
prediction suggested a total number of 33 cases (0-100), with 14 ¢
11 (1-20) over the 2008-2010 period.'® These data are compatible with the = o 03t -
A recent study predicted 39 (6-99) subsequant cases.?' Tha worst :
years is, however, maintained in the epidemicicgic estimations, in particuinr Lo sl o
-infection in the biood denor population.

Measures taken against the vCJD epidemic, vwith screening for the BS™
animals from the food chain, and the latest epidemiologic chservatio
arigin Is unlikely in the coming years, The unkrowns now reside in ot
cellular vectors: blood transtusion, grafts of tissues cr argans, or use

, co_maminated with the abnormal prion. Trans'usion transmission is a-
Nowadays, since food contamination, which vwas the main source of
transmission by blood components taken its nlace? In the UK as in
eliminated from beef, they are likely to be present in the dlood of
to the recipients of their blood donations. The fear of human-to-nuc
interspecies contamination.

EXPERIMENTAL BASIS OF vCJD TRANSMISSION ['Y TRANG::

Until about 1996 it was acknowledged that the CJD agenl was n

failed to show any association between the cacurtence of sCD a

http://www3.intersclence.wiley.com/cgi-bin/fulltext/ 121606265 /HTMLST \RT



the numper cf infectious particles in blood and/ or their distribution in individuals

by too ow to cause transmission through a blood transfusion. Thus, before the first
tances of arion transmission between humans had been kuru and iatrogenic

~in hormones cf pituitary origin, ft should be noted that transmission of the kuru
tne prohibition of certain rituals in New Guinea and that the exclusive use of

L enginoput an end to iatrogenic transmissions through this route. Though no

yet been described, the possibility of transmission by biood transfusion

2 vCGID than in sCUD. 7

‘e major transfusion-transmitted viruses observed in the past decades
ciency virus [HIV], hepatitis C virus), the vCJD agent did not immediat ely

e agents

3 virus, human immuri

to the family of bl

fnyor i

ymphoid tissue by abnormal prion has been observed rapidly after infection,
hout the whcle incutation period. It has been suggested (but not demonstrated) that the
fitration is brought adout by circulating cells, which led to the hypothesis that infected lymphocytes

sients of blood components containing lymphocytes.32 Intracerebral injection in
«ected frem patients with vGJD has not shown such transmissibility,33 but these
umber of cases and the sensitivity of the technique may have been insufficient
fow leval cf infestivity. Sunsequently, transfusion transmission of prions was shown in rodents, 3 in
mace susceptivia 1o w0238 However, the turning point was the result of experiments aiming
from Jrally infected sheep to healthy sheep:37 it was then found that the
; blood and that blood could be a vector of transmission. Bload infectivity
tain circumstances, French and British Health Authorities, as a precaution,
sion of the vCJD agent by transfusion,

tha prion to re

y coats and p!

snts only invoved a sn

siminsiblity through Sood

Inarctaer expenment, transfuson of healthy sheep with blood from infected sheep led to transmission rates of 17
for 8SEang 19 percent for scrapie.”® A more recent animal experiment was based on detection of PrPSC in
hamsters experimentaly contaminated by the scrapie agent through intraperitoneal inoculation of infected
in both cases, the .nfactious agent was present in circulating blood during a part of the incubation
st the discase, and the transmission rale was shown to be quite high. However, it is important to distinguish
~1izs concucted with a Western biot assay detecting the amplified amyloid protein and those involving a

o 33
LshuR

titratinn of ¢

s infect

re (o description of the first human transfusion cases, these animal experiments had shown

» possinility of a short incubation period of the disease through this

sitity of prons ang
route.

550N

SURVEHLLANCE OF TRANSFUSION RISK OF CJD IN THE UK

t suggest transfusion as a mode of transmission of the vCJD agent, and
rmal prions within the body had indicated that the blood route would be
ation Subsequently, experiments into blood-borne transmission of the BSE agent

aistribution of PrP® in the body of subjects infected by the variant agent
2 wilh subfests irfectod with sCUD 12d to reconsideration of this view.

s2d 1o the BSErisk, put in place a national surveillance system named

e Surveiliance Unit" or NGJDSU, charged with identifying and monitoring all
cases were 10 be reported by health professionals (principally neurologists and
ctirmad ard categorized according to the defined diagnostic criteria. As far as

s TMER" ({Transfusion Medicine Epidemiology Review), was set up in 1987
«ding sCQJD, 1CID, and vCJD, who had either donated or received blood in the past.
e 166 U cases of vGD, 150 were old enough to have been blood donors and,
cse, 31 {217%) had, at least accerding to their families, donated their blood at least o_nce,“2 Records were
and the dates anc places of the donations were established. The fate of the donations was traced,

o whether they were used for blood component preparation and/or for fractionated plasma products, and

; of recipients of biood compenents was established. These enquiries identified donor records relating to 24

r records were identifiec for only 3 of 93 individuals who later developed sCJD and were reported to

have tean doners in the past, with 20 recipients identified, of whom 12 are known to be dead: 5 died within 1
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year of the blood transfusion and 7 belween 1 and
dead and have survived 7 to 9 years a‘ter t
donors) were associated with 11 identified r 2
3,10, and 17 years after transfusion. Three cisients oot
transfusion. Among the 97 rccipients thus icentifiad, 4 i
died of the disease: these ail belong to the first group, 112 N :
evidence that either sCJD cr fCJD has been ‘ransmitted Dy Blood transi L on, [
informed and none were tested for evidence of nfaction

THE FIRST UK CASES OF vCJD IN RECIPIENTS OF BLOOD GOLil

blood cells (RBCs). There have been no transfusion-associated ¢
described in these two latter groups, even in reirospective lockh:
infections have been detected in the blood in experimental anim:
susceptible to the disease, although it is not possibie to formal
have passed unnoticed if they possessed exceptional features

o]
z

The first of the four patients infected with vCJD through bl
group, who developed the illness in 2002 and died the next
nonleukoreduced RBCs, ane of which was donatad by a Young donc:
following year. Both donor and recipient were M homozy P

excluded in this case (as in the others), but the transfusion

50
k4

gt
<]

ar

association of this rare disease in both donor and recipien:

these two observations of vCID would have hapsened ingep
infecticn, was in the order of 1:15,000 {and rose to 1:36
first transfusion-associated case in world literature was

The second case was an elderly recipient, who dicd of car
of vGID. Asymptomatic infection with PrP% was cstablisied by g
presence of abnormal prion protein in iymphoid tissue (the spieg
tonsils or appendix). bat not in the brain. This patient had been o
1999, a nonleukoreduced RBC component had boen providza fro
donation. The PrP®¢ isolated from the spleen had an isoform idant 25!
donor was an MM homozygate, but the recipient was a hetercoy
nature of this case, assigned as "preclinical” or "subclini vCJC
vCJD at a later date, if survival had been fonger. Tnis second ca

infection was reported in July 2004 .49

The third case, reported in 2006,2:595 was aiso one of 1ne oo N
nonleukoreduced RBCs and had been notified of their risk. Thia re o ns o o z

had received transfusion support during a surg:cal interventian 2o
developed vCJD in 2005, 7 years after the transfusion eplsse
presented with vCID in 1599 (18 months after tie donatio
blood donation). Both donor and recipient wers

The fourth and fast case to date was a recipient who deveioprd + 0
donor who presented with vCJD 17 months after donaticn Tnis ¢-

three. The recipient, genotype M, died 1 year aficr presomation -~

These cases reported in professicnal journals {and subsec
transtusion-associated vCJD moving progressively from
finally "demonstrated.” There are a number of unxnowns i !
but the combination of the low prevalence of vCJD in the
individual unit varies between 1:15,000 and 1:30.000 in :h
the small group of recipients who have been rendered at ric
these at-risk recipients have died without surviving iong e
tested for the presence of infection) makes hignly probasic a trars
these cases reinforces the theory that the bicod of a dorcr in thy A
infective for recipients. This evidence of the transfusion transmiss
preventative measures previously applied in the Ux and in Franze
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In fact. despite the small number of reported transfusion cases, many observatlons have been proposed or are
alrcady known

1 “he possibility of a relatively short incubation period with a transfusion source: 6% years between the
‘ransfusion and the first clinical signs in Case 1, 6 years in Case 3, 8% years in Case 4. This short incubation
period demonstrates the efficacy of the transfusion route. it might suggest a particular pathogenic character
of the abnormal prion circulating in the blood and transmitted by this route, even if it is established that
traspecies transmissicn is usually accompanied by a shorter incubation than interspecies transmission.
inceed, the shortest incubation period has been observed in kuru, in the iatrogenic form after injection of .

rowtn hormone,>? and in transfusion-associated vGJD.5¢

2. The rate of transmiasion in the populalion of at-risk recipients is high, even though it is not inevitable in the

“clatively short foliow-up period.>> A review of the UK's TMER study published in 2006 gave an indication of
42

the transfusion risk of vCID and of the incubation period of the tirst observed cases:* among the 66 blood
empongnt rezipients transfused from donors who later developed vCJD, 37 died within the first 5 years
nosttransfusion with a cause of death linked to the existing iliness. Apart from the one case shown to have
avidence of infection, none of the other deceased recipients were tested for evidence of infection because .
their deaths predated the information that their donors had developed vCJID, Furthermore, no postmortem
tissue was avaiiable for retrospective testing

Amony the 29 who survived over 5 vears, 20 are still alive and have no signs of vCJD, and 8 are now

deceased. Among Lhese 9, 6 dicd of pathology not finked to vCJD (although only 1 of these had a

postmortem to laok specifically for infection, which was demonstrated) and 3 developed (and died from)

3. The influence of codon 129 genotype is not refuted in the context of the transfusion route: the sole
ecipient known to be infected but asymptomatic was a heterozygote (MV), although it ‘should be noted
‘hat the observation period was the shortest of the series of infected recipients, since this recipient died 5
vears after transfusion.

4, All the infected recigients had received nonleukoreduced RBCs between 1996 and 1999 Routine
‘eukoreduction was introduced in the UK by October 1999,

5. The four recipients who developed evidence of infection had been transfused respectively with components
from 5, approximately 8-10 (figure uncertain), 56, and 23 blood donors. [Correction added after online
nublication 2-Jan-2009: Number of donors has been updated.]

6. in the UK and France, no case of vCJD has been reported in recipients of fractionated plasma products. As
indicated in the title of this article, we have limited our review to labile blood components, aware of the
Additional procedures that contribute to the safety of plasma products with respect to prions.

SURVEILLANCE OF TRANSFUSION RISK IN FRANCE: FIRST CASES OF vCJD WITH PREVIOUS
BLOOD DONATIONS AND FIRST MEASURES TAKEN WITH REGARD TO THE RECIPIENTS

Although epidemiologic investigations conducted in France have not revealed previous blood transtusions during
the "r.sk period” for vCJD {one case had received a blood transfusion, but in 1971, before the epidemic), some
patients had been blood doners, as would te predicted, in the same period. In 1992, a national surveillance
netwerk for cases of CJD was set up in France, coordinated by Inserm Unit U708 and including representatives of
various madical specialities and the health services: neurologists, neuropathologists, reference laboratories, and the
"Institut de Veille Sanitaire” (InVS). The aim of this network was to collect and investigate reports of suspected
cases of CJD, tollow their progress, classify the type (sporadic; familial, latrogenic) and the degree of probability
(distirguishing canfirmed cases from probable cases), and establish epidemiologic characteristics. In cases with
previcus history of blood donation, InVS was charged with informing the French Blood Service (" Etablissement
Frangas du 3ang") so that a transfusion investigation could be started. It appeared that three of the French vGJD
cases, who had developed the disease in 20604, had a history of blood donation.

The first case (eighth in the series, reported in February 2004) was a 32-year-old female who donated blood
between 1993 and 2003. The components prepared from these donations were 13 concentrated RBCs (of which
10 were leukoreduced) and one platelel (PLT) concentrate. Fourteen recipients, of whom 10 were still alive, were
trace¢. Ten plasma donations were used for fractionated plasma products.

The socond case (ninth in the series, reported in April 2004) was a 52-year-old man who had donatgd blood since
1984, chiefly between 1996 and 2002. No investigations were carried out into donations which preceded the vGQJD
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epidemic. The blood components were 5 concentrated ,C units {a
leukoreduced), For donations made after 1964, 7 recip. wery b
donations were used for fractionation.

The third case (13th in the series, reported in October !
1991 and 2004. The components were one fresh-froz
them leukoreduced). All 16 recipients were identifizg,

In total, these 3 donors account for 42 recipients of RBIs o PLTs,
investigation: 2 of these, transfused before 1984, were not informed,
transfusions between 1951 and 2004, To date, none has prasentad w
reciplents were tested for evidence of infection, because all died severa
donor. There were clearly more recipients of fractionated plasma ,/roc
affected donors. Two of the donors had given plasma (133: ned ior irac
donations in one case, 12 in the other), These 2 Gonors accounted for araund &
treatment of chronic disorders (hemophilia, immunodeficiency), the rast {or occ
immunoglobuting) .

In response to the first three cases of blood donors who later developed v3dD, the
into place in France:

. Immediate recall of in-date fractionated ptaama praducts
donors. When the iliness was discovered in the dencr, biocy pred

transfused, but this strategy allowed the “o[lowing astions.

. Information to the prescribers of the labile bicod components imphoated 5

. Direct and personal information to'the racipients ¢! biocd compancils ( !
epidemic); exclusion of all recipients as donors of argans. tissues, Z
blood donation because of their history of transfusion): ana finally, potting @« 5ioo. i
up.

. A decision to not inform individual recipients of fract: > »

t

received Factor (F}VIll or F IX produced frem the aizeciad

. Information aimed at the general population and & rezith profe
transmission of vCJD.

The information given to the blood transfusion recipients by their docior proved
more than 20 years previously, to the first blood conors to be [« "LAY posit
the large number of uncertainties at the time about the prognosis of infaction & .
Those who supported not informing recipients of the risk of prion transmission thinugh ton
foliowing arguments: it is not possisle to quantify the ahsciuie risk, because of 7 numi
absence of a diagnostic test; the existence of preventive measures applied in rec
to labile blood components; the major psychological harin resulting for such infor
major anxiety; absence of any diagnostic or prognostic tests (except for codon 1
prophylaxis or treatment. On November 4, 2004, the National B hical Corsaltative
confirmed its position expressed in 1997: to not worry without benetit, notably wh
available, and to take into account the risk of excluding a patien! from heaith car
precautionary principle. Finally, the CCNE insisted on the nged tor complete tracee sility o
donors who had subsequently developed vCJD.

nd

Those in favor of informing recipients of the risk pointed out the ne
‘donate {in principle, because they had been transfused, the subjc
“blood donation), but also that the patients had "the right to knowv.
which puts an obligation on the doctor to alert the pation! to ali
individual risk is not quantifiable and there is no available diagnostic pro
Another factor favoring informing recipients is to reduce tne risk o
dentists, and other patients. The French circular number 138 of »
principles of the risks of transmission of "nonconventional trans
procedures and had classified the recipients of labile blcod comp
risk of contamination by the vCJD agent. For ail these rezsons, in France, & was oo
patients at high risk of prion infection.

PRECAUTIONARY MEASURES FOR DONORS AND LABILE BLOOD COMPOMENT G 1
FRANCE
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<! products from the food chain, a bub!ic health measure taken to protect the

asures to reduce the risk of transfusion transmission of prions were

0 lire with advances in epidemiologic knowledge. Some were put in place before

zrgence of the first case of transfusisn-associated vCJD, primarily to reduce the risk of transmission of

orms of CJD and irn particwar tha iatrogenic forms. The first case of transtusion transmission of vCJD

ith authornities 1n tne UK and France to take new and complementary risk reduction measures.

rs, the introduction of leukoreduction has contributed to the reduction of

%5 (it has been shown that this could reduce the infectivity of

as the cases of vCJD transmission by blood transfusion observed in

T bleoad components, it could be concluded that the decreaseis by

2¢ blocd components, and above all that it has been established that the
ntan all the infectivity: an equal amount of infectivity exists, we now

years a necessary measure, but certainly not sufficient.

(Clusion of at

D100

Vood by aimes
were all due b
noaceoun
siood cel !
© oplasma

red for oy le

WEBC) Laye

cautionary measures, specific or nonspecific, put in place in the UK®8:59
on 3f vQJD. In France, the precautionary measures followed the same
.y acticns. The circular of September 23, 2005,5% concerning the reports of

;s transmission of vGJD and the first case of a French donor who
ondary transmission by transfusion of labile blood components or by
¢n patients who had received transfusions of bicod components
- ing from conars who fater develaped vCJD. The successive measures instituted in France and inciuding

< nrot
U probals

those aken for the other forms o' CJO vefore the emergence of vCJD, are shown in Table 2.
TABLE 1. Preventive measures in the UK against the transfusion risk of vCJD
Reca' zn? discarg of 1a ents and of plasma derivatives obtained from donors who later developed
vCUE

13 destir ation from non-UK sources.

\mporta‘.m’? of piasn
on of ali labie !
of FEP for recipi January 1, 1986.
o’ rarsfusion after January 1, 1980.

i an 16 years.
@ case of transfusion anywhere in the world after January 1, 1980.

fraton of dunors whose donations have been transfused to recipients who later

impcrtabon ©

with apheresis (single-donor) PLTs. Apheresis PLTs recommended for

TABLEZ 2. Preventive measures in France against the transfusion risk of vCJD

Sitre

entmen

by injection of growth hormones of pituitary origin.
ory of neurodegeneratlve disease.
3 discard

seard of lac.¢ Liood components and batches of plasma products containing plasma from donors
clopec sCUD, fCJD. oriatragenic CJD; having a history of fCJD; or having been treated with
tary crigin

terrai i case o his

FPermanent

¢ ceferral in case of history of neurosurgery.
acd components collected from donors who later developed CJD.
cf iransiusion of graft,

cmpanents and ptasma products obtained from donors who later developed

reducts for a residual level <1 x 108/unit.
iivegd :n UK for 1 year or more between 1980 and 1996.

or plasma destined for fractionation) to a residual level <1 x 108unit.

Leukoreducticn of

&l plasma (FFP

_eukoresucticn of

duas WBC level <1 x 107

it for plasna not destined for fractionation.
3 PLT components through use of PLT additive solution, potentially reducing an

duction of weiu

mAtim g !
LETUCLS L oal

o}
13
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Informaticn for doclors. recipents, and ©one s

One difticuity with the current situation s tha' individua's
they are at risk and may be dorating their bi
relatively young and ccuic¢ donate their blood sevarai tim
only specific preventive measure against prion centamin
blood test for qualification of donors, or a genara
for prion filters), or both.

This is

jon risk, an ¢ arium

8eing the mzst

In the prevention of any transfus
blood components is necessary

X[30SCU

transmission by blood transfusion, such as the importation i ait i

82 11

s blocd donors,

the exclusion of numerou

Transfusion measures taxen in other countrics ae
have stayed in an "endemic’ arca. For examp.z, ¢
measures to exclude from denaticn individu
vCJD epidemic: in 1999, ali pecpie who had s5;
excluded from donation; in 2000, it was the
France or the UK was reduced to 3 months; ang ti
65,66

period of 5 years.

After a case of vCJD in an individuai who vist:
2001 an iliness that led to his death in 2004,
considering that the patient had become inf
have been identified with BSE Having already ox
Japanese health authorities tock the decision o
country between 1980 and 19586, One can szat
two common points: they cross all frontiers and spreea

at

THE VARIABLES OF RISK OF TRANSFUSION TRANSMISSICH G
COMPONENTS

At this stage of medical knowledge, it is clear tnat ail the
are not clarified. Certain elements are howeve: igart!

1. The number of {abile biood components
to the dates of the epidemic and to the appiica

ieukoreduction, etc.).
2.  The prevalence of infection in blood denors

upon that in the general population whe
taking into account the higher end of
French population and imagining these
be blood donors (18-65 years) and eliginle
the whole incubation pericd, results in 2

individuals per 1 million donors, which is ¢close to 1 miecte.

in a recent reevaluation, t
100 cases instead of 300),
calculation in the UK gives a

ne number of cxpecied viciDca

leading to ar e !

prevalence of

available in the UK with results from the e
progress.

3. Infectivity of a labile blood component with regard to

n “infectious dose," defined as the minima’ dose c¢

the mode of contaminaticon given. At present,

the inf
. The stage of infecticn in the doncr: the leve! of

increases with the duration of the mncutation peniod ¥ Tiis g
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the infected subject becomes in‘ective for the recipient of the blood: an infected donor, donating
during the early part of the incubation period, may not be infectious to a recipient. Accordmg to animal
stucies, blood infectivity can be demonstrated at least at the start of the second half of the incubation
period and perhaps alse earlier (the infectivity of blood precedes the presence of pathological prion in
the brain and the organs).®® Even though experiments suggest that infectivity will be absent or minimal
during thie first third of the incutation period, caution dictates, in the current state of knowledge, that
a labite blood component originating from a donor in the incubation period contains at least one

infectious dose.®¥ As many years have passed since the peak of the dietary epidemic, infected
indiviguas are no fonger in the initial stages of infection. The paradox could be that even though the

. Szcond, the efficacy of leukoreduction for celiular components and for plasma: leukoreduction of
hamster biood contaminated with a scrapie prion removed only a little less than half (42%) of the
infectivity present, tecause the infectivity divides almost equally between the WBCs and the

70,7

plasma.”’ Leukorecuction may therefore be less effective than originally caiculated. As
demonsiraied in studies based on experimentally infected rodent blood, total blood infectivity will be,
during the asymptomatic phase, from 20-30 U per mL,35 and the distribution in the compartments of
blood is i1 the order of 30 percent in the buffy coat and 50 percent in the plasrﬁa.” The presence of
PBC and SLT infectivity has not teen established in a formal manner: it seems at any rate to be little or
none.’ 273 Thus, after the implementation of leukoreduction of labile blood components (which must "~

have a residual WBC count of <1 » 108/ unit), the infectivity of RBC or PLT components is dependent
on the amount of residual plasmea. Use of optimal additive solutions for cellular components helps to
reduce the quantity of plasma ard therefore the infectious dose in the case of an xnfected blood
component,

4, Recipient methionine homozygosity at codon 129 has an impact on the risk of developing iliness, with
perhaps a hierarchy of risk, moving in descending order from MM homozygotes to MV heterozygotes to VV
nomozygotes. Furthermore, nonhomozygosity for MM does not appear to confer absolute protection from -
infection, as indicated by Lhe second UK recipient case (an MV heterozygote, nonetheless infected through

the transiusior route) and in experimental animals.'® What is certain is that the clinical outcome of
transfusion transmission appears to be greatest for MM homozygotes, since they alone of the * exposed"
population al risk have developed the disease,

Finally, the iength of the incubation period, an essential factor and of which much is currently unknown and
to which must be added two importani parameters: the age of the recipient and the posttransfusion survival,
which is heavily influznced by deaths due to the underlying iliness in the initial years after the blood
transfusion

&

PRION FILTERS

E-BEE-E |

Specifiz prion reduction filters applicable for certain labile blood components have been undergaing validation, The
first denations ,’Jr'JC(,ssed with these prion fiters demonstrated their capacity to reduce spiked infectivity of blood
by three logs, which would without a doubt make a significant contribution to reducing transtusion risk.”* These
filters have been procuced by two companies with a view to use for RBC preparations: application to PLT
preparations and ta plasma await further werk. The validation work has been carried out on the Pall leukotrap
affinity prion recuction filter, integrated in the filter CompoSafe Pr Fresenius,”'77 and the TSE atfinity ligand of
the pathogen removal and diagnostic Lechnclogies, integrated in the P-Capt MC (MC for.Macopharma) filter.”®
Changes were made o the Pall filter after the initial validation, which affected performance and led to its
withdrawal. A new combined leukoreduction and prion removal filter from the same manufacturer is now under
development. These affinity filters are assumed to remove all detectable traces of infection in a contaminated unit
and to reduce infectivity by transfusion. This capacity has been demonstrated by a study based on‘inoculation, in -
hamsters, of leukoreduced whole blood taken from animals infected by a TSE When the blood was treated with
passage over a filter, no hamster became infected. When the blood was not filtered, some hamsters developed
illngss associated with the presence of prions in tissues.’® Nevertheless, although the potential .of these filters has
been demonsirated by experimental infectivity transmissions in animal models, their efficacy in the prevention of
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human transfusion transmission remains to be valid
prion circulating in different human blood compenent
manner, in particular from brain extracts. These a
quantitative characteristics of the human pricne
are those that are formed of 14 to 28 molecules,
unknown. Furthermore, the consequences of using orion radu
maintenance of PLT function) and on plasma proteins is totaliy
the risk of neoantigenicity and induction of inhibitors

ine Mmaos

Y ut thg

A MUCH-AWAITED DIAGNOSTIC TEST

Lacking nucieic acid and not provoking any immune rcspense
detected by molecular or serologic methods usually used in

markers has, up to now, reached a'dead eng 8385

In asymptomatic or symptomatic infection, the most usefui d'ug-
pathologic prion in the blood. However, the form thet the grion!
central nervous system. PrPS¢ has an aggregated form in the
that difference could influence the effectiveness of diagnostic
capacity to detect the cerebral form. Furthermore, tihe
prions, but it is this pathologic form that the test must ga:
depend on the physicochemical differences in the two forms

on the resistance of the pathological form to proteinase "'~

scibiit

test

A large number of unknowns relating to the transmi
no doubt be resolved when one or several diagnost
specificity, and reproducibility, become available and us
being ‘made to develop such tools, which could be used in t
reduce even further the risk of transfusion transmission ¢f ;

&

be

criteria: 9394
1. A very high sensitivity, to detect an infectious ivad that ma oo very
a low level of PrP5¢ in circulating blood is likety to be infzclus i

2. High speciticity is essential, since the normal protein is jres:
resuits could have disastrous consequences, in terms of not'fying ing
concluded "positive," not'to mention the unjustified delerrai ¢
infections, every reactive result obtained through biood ¢o
confirmatory test to separate true-positive results from |
true confirmatory test wiil be avaiiable, whether the soluticn
simultaneously, or if one will be used for "confirmation" o

specificity, it has been calculated that, if a diagnostic i¢3t .
specificity was applied to the screening of blood donaticns i & -
in 10,000 (which is the estimate for donors in the UK;. -
phase of the infection and would correspond to "true
donors. would give a false-positive result. On the other

1 miliion tests.%% In France, where an estimate of prava’

carriers of the variant would be detected, but the numbt
the UK: 10,000 per 1 million donors, who would not &
informed of their biclogic status.

3. Finally, these tests will have to be reproducibie, usa:
time scale that is compatible with the shelf iife of .7 c.omoar ot
obtained) for nucleic acid testing in transfusion

The lack of a test with the above-mentioned characteristics has e
from blood donation all those who are carriers of vCJD and the n
blood donations on nonspecitic or partially effective measures su
" leukoreduction of blood donations, and so forth; the impossibiity i «

risk recipients; the difficulty in collecting data aboui the mear duration
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abilitating donors excluded because of a stay in the UK during the

wony the cases of vGJD identified in France, such a history has been found

to axcride donors on the pretext of a visit to the UK when almost all the

cted in their own country}. It would be necessary, furthermore, to

rehabilitation” for some donors was not offset by a negative effect,

»ecific transfusion screening test. This could raise concern in the donor
that they carry the infectious agent of an illness for which there is no

2o potential use in detecting donors who are infected by vGJD, the first
f sample repositories, to determine the spread of the epidemic in the
ration. Assessment of the prevalence of vCJD in donors and recipients
n plasma products, could be carried out via anonymous plasma

s is one of the possibilities provided by the repository presently
A" (Blood and Organ Transmissible Infectious Agents).®” Indeed, for
rrfectly validated tests on nonanonymous samples.

and strong uncertainties about a transfusion epidemic of vCJD requires
iblished by the UK, France, and other countries. If a specific test is
Le the opportunity to consider relaxation of these measures.

i cwn, with an uncertain prevalence of the infectious agent in at-risk
sence of a screening test, infectiousness and duration of incubation
2r1dy, make up the elements that influence the transfusion risk of vCJD
¢ have no answers, and the order in which we enumerate them probably
.2h soiutions will be found:

mic and after the peak of the vCJD epidemic in 1998, will there be a
1o now, the epidemic has remained relatively limited: approximately
uarters have been in the UK. The initial passimistic hypotheses on
sed downward. Furthermore, the peaks that followed the initial peak
~amirated growth hormone were smalier and smaller, as if patients of
to infection and/ or to the development of clinical iliness. It is not
~1D, but the hypothesis of a secondary transfusion epidemic, with
sugh asymptomatic carriers of the prion, cannot be excluded.

e first cases of vGJD occurred, and no evidence of clinical cases in
5t to observations in the growth hormone epidemic. Finally,

:zes, compared to interspecies transmission, a shorter incubation
rransmission. This could cause a targer outbreak of infection through
1 by food. .

“he general population of the UK and in France, and how many

™

=5 and tonsillectomies pointed In the direction of a much higher
an was implied by the known number of symptomatic cases.

fLsymplomatic carriers

Orivisin 4V transfused recipient carrying the variant, PrP"®® was only detectable in
A ncgas, and not in the appendix or the tonsils, this retrospective

i ctien of the pathologic prion in the appendix could have underestimated
population.
nee of circulating prion during the incubation phase? For estimation of
nesis is that of blood infectivity and thus potential transmissibility
icvel in circulating blood may be too low, in the first months or first
1101 by transfusion.
“rent precdtionary measures in transfusion, especially leukoreduction? The

€ 41V 2515 unknown, Has a reduction in infectivity prevented, or will it

i components? Up to now, the most feared contradiction would be the
sused solely with leukoreduced components. Such a finding has not
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5. Do non-MM subjects (that is, 60% of th:

“he results of a retrospective British study on the prevalence of vCJD -
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might they develop it after aionger per od

the epidemic, which might, furtheimore, e par
situations, infected asymptomatic subjcc

recipients could become symptomatic if

epidemioclagically disastrous: an MY or V'/ &
and not become iil him- or herself, but t»
circumstances have been observed in vira

infected recipient could develop sympte
donors who are carriers of vCJD but do n
129 would not be identifiabic without & spac

their common donor status in two (or 2
because of a nonprotecting genotype. &uch studics we o
regular, infected donor and of interrupt:
extent the deferral of transfused patien

"contamination cycle” between the dor..r
this precaution has probably avcided 3¢

based on a mathematical modei, has co.c
majority of donors were infected from
94

excluded from blood donation.

6. How many donors and recipients will de. 2
transfusion lookbacks and investigations? . inz

infected donors, the proportion of reciy
period of time (less than a decade), tawng

genetic status of codon 129.
7.  Willthe threat of transfusion transmissicn of prion:

in other countries such as Spain and Saud! Ara
that the probiem has now taken on an tornations S
transfusion safety.

CONCLUSIONS

The possibility of a blood componant recipiert duveicpi
regular donor developing it after the same armount ot
with the help of a transfusion traceability aimsst as pre
dietary epidemic is now a problem of chronic asym
infection via medical devices used in surgery 3r n
of epidemic.

An essential notion is that of protecticn prow de
scenario, where cases of vCJID would show ur n
blood components and thus infected by the :
the screening of blood donations, would be ¢
and harmlessness is resolved, or to only use

concerns %' —even it a partial reduction of pr.o

infected recipients and/ or to induce a fonge’ in

proportional to the original contaminating ini:ztizi

Many professionals in the field of transfusion
acknowledging that demonstration of their ¢
and which are dominated by the absence of :
these filters is problematic and leads to as
test that would be applicable for blood donat
test?

Procedures for the inactivation of infectious zgents infon!
since they are aimed at the nucleic acids of ¢

es5s agenic,
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1e the altimate transfusion-transmissible agent, while the risk connected to viruses, bacteria
emerging. would bo controlled by pathogen inactivation.

on of v&JD is a certainty from now on, benefits of transfusion obviously remain

this risk. One must put in perspective the number of lives saved every day by

f cases of transtused vGJD counted on a worldwide scale. One also must compare this
two European countries, with the infectious risks faced by transfused patients in parts
§ are 5o limited that safety is not always assured even for major blood-borne agents.

'y measures been taken in transfusion to counteract a risk that is numerically so low,
! cf vJD by blood transfusion had been reported. The precautionary principle

also penetrated the senses.

ACKHOWLEDGMENTS

¢ Capek (Institut de Veille Sanitaire, Saint-Maurice, France) for their
article and Marina Mobed for secretarial assist ance.

0 CT. Gunning RF, Hancock RD, Jeffrey M, Dawson M, Bradley R. A novel progressive
cebalinatny in cattle. Vel Rec 1987:121:419-20. Links

MR, Prusiner SB. Viroids and prions. Proc Nar/Acad Sci USA 1882,79:5220-4. Llnks
cconstitution of mammalian prion infectivity de nove, FEBS2007;274:576-87. Links
¢ D. Walchli M, McKintzy MP, Kent SB, Aébersold R, Barry RA, Tempst P, Teplow DB, Hood
. Weissman G A ceffuler gene encodes scrapie PrP 27-30 protein. Celf 1985;40:735-46. Links
SEB. Pricns. Proc Nati Acad Soi S A 1998;95:13363-83. Links i

ar W ED, Schonberger ED. Creutzfeldt-Jakob disease in the United States, 1979-1994:
rtally data to assess the possible occurrence of variant cases. Ener_é; infect Dis
Lilmng

;o WN

~1
1%

5

2 nned I, Drummond D, Suttie A, McCardle L, Chree A, Hope J, Birkett C,
Costock CJ. Transmissions to mice indicate that "new variants® CJD is caused by the BSE
7:389:498-501, Links

2r ML Cousens 3N, Estibeiro K, Alperovitch A, Poser S, Pocchiari M, Hofman A, Smith
in the UK. Lancet 1996:347:921-5, Links

od MA, Ironside JW, Cousens SN, Mackenzie J, Estibeiro K, Green AJ,
Cizutzfeldt-Jakob disease. Ann Neurol 2000:47:575-82, Links

pbel TA, Desbruslais M, Luthert PJ, Collinge J. Tissue distribution of

. Creutzfeldt-Jakob disease using a highly sensitive immunoblotting

Linehan JM, Joiner S, Gowland I, Welch J, Stone L, Lloyd SE, Hiif AF,

«in with valine 129 prevents expression of variant CJD phenotype.

13.8ist on L, Baybuit ~N, Plinston C, Thomson V, Tuzi NL, Head MW, Ironside JW, Will RG,

sceptibility and incubation time of human-to-human transmission of vCJD. Lancet

-8, Links

Nta. Donncelly CA. Anderson RM. Factors determining the pattern of the variant Creutzfeldt-

v D) epidemic in the UK. Proc Biol S¢i2003;270:689-98. Links

MT. Connolly K, Hegazy D, Lowrie S, Le Grice M, Ritchie DL, McCardle LM, Hilton DA.

S HENF: disease: prion protein genotype analysis of positive apbendix tissue samples from a
retraspeclive prosaience study. MU 2003:332:1186-8. Links

16 Waid HJ,

RG. Rsk laciors

Mar

Nevr

13 rensice JW.

Var.ant Cre

sr variant Creutzfeldt-Jakob disease: a case-control study. Ann Neurol/ 2006:59:111-20,
Lirvs

Brardel JP, Salomon 0, Alp

cviten A. Epicémiologie de la variante de la maladle de Creutzfeldt-Jakob en

shiis
Frai ce. Transfus Tin Siol 2006:13:304-6. Links

http:/fwaan 3 interscier tlzai-hin/fulliext/ 121506285 /HTMLSTART

1 D, Cousens SN, Smith-Bathgate B, Leitch M, Cooper S, Heath C, Knight 88, Smith PG, Will

Voruvrey adnsa P U P

18.Chadeau-Hyam M, Tard A, Bird S, Le Guennec S, Bemrah N, .
exposure of the French population to the BSE agent: comparisan of tho &

containing mechanically recovered meat in France and the U, i
Res 2003;12:247-60. Links
19.Alperovitch A, Will RG. Predicting the size of the vCJD epide: .
20.Cooper JD, Bird SM. UK bovine carcass meat consumed as burgors
- cohort and gender. J Cancer Epidemiol Frev 2002;7:49-52. Lin
21.Chadeau-Hyam M, Alperovitch A, Risk of variant Creutzfeldt -.ai
2005;34:46-52. Links
22.Hilton D, Ghani A, Conyers L, Edwatds P, McCardie L, Rtchic D, 7o
of lymphoreticutar prion protein accumulation in UK tissue samp!
23.Valleron AJ, Boelle PY, Will R, Cesbron JY. Eslima'ion of epideni
characteristics of vCJD in the United Kingdom. Science 20301:294 1
' 24 .Ricketts MN, Cashman NR, Stratton EE, BvSaadany S.Is Crau
infect Dis 1897;3:155-63. Links
25.Kondo K, Kuriowa Y. A case control study of Creutzieldt-dakeh «
Neuro/ 1982;11:377-81. Links T
26.Davanipour Z, Alter M, Sobel E, Asher DM, Gajdusck DC. A ¢
dietary risk factors. Am J Epidemiol 1985:122:543-51. L
27.Head MW, Ritchie D, Smith N, McLoughtin V, Na
Peripheral tissue involvement in sporadic, iatrogs:
immunochistochemical, quantitative, and biochen ry B
28.Dodd R, Sullivan M. Creutzfeld-Jakob disease and transfusisn sziciy: tith - &t Guos
1998,;38:221-3. Links
29.Evatt B, Austin H, Barnhart E, Schonberger L, Shaser L, Jonc:
Jakob disease among persons with hemophilia. Transfusion 1¢
30.Hoey J, Guluvi A, Todkill AM. New variant Creut zfeldt -Jdakcon <
‘music? Can Med Assoc J1998;159:669-70C, Li
31.Turner ML, Ironside JW. New-variant Creutzfeldt -Jakob discasa: t
Blood Rev 1998;12:255-68.- Links
32.Aguzzi A, Heppner FL, Heikenwaider M. Pronz M, Seeger H.
propagation of prions to CNS. 8r Med Bul/ 2003;66:141-59,
33.Bruce ME, McConnell |, Will RG, ironside JW. Detection of variart
extraneural tissues. Lancet 2001;358:208-9. Linxs
* 34.Brown P. Can Creutzfeldt-Jakob disease be transmitted by tra
Links
" 35.Cervenakova L, Yakovieva O, McKenzie C, Koichinsky S, McS
infectivity in the blood of mice infected with human-derived
encephalopathy. Transfusion 2003:43:16287-9¢.
36.Brown P, Rohwer RG, Ounstan BC,.MacAuley C, Gxidusck DC.
components and plasma derivatives in experimenta! mode
Transfusion 1998,38:810-8166. Links
37.Houston F, Foster JO, Chong A, Hunter N, Bostock CJ. Tran
Lancet 2000;356:999-1000. Links
38.Hunter N, Foster J, Chong A, McCutcheon S, Parrham D, En
prion diseases by blood transfusion. J Gen Viro/ 20352:83:
39.8aa P, Castilla J, Soto C. Presymptomatic detection of pri
40.Cousens SN, Zeidler M, Esmonde TF, DeSilva R, \
disease in the United Kingdom: analysis of epidemisiogcal surv
1997;315:389-85. Links
41.Hewitt P. vCJD and transfusion in the United Kingdom. Transfus Cin Bio
42.Hewitt PE, Liewelyn CA, Mackenzie J, Will RG. Creuizieidt- o diszase a
UK Transfusion Medicine Epidemiological-Review study. Vox Sang 2006:9t:
43.Heye N, Hensen S, Muller N. Creutzfeidt-Jakob discase and bleod transiusion. ..
44.Wilson K, Code C, Ricketts MN. Risk of acquiring Creutzfeldt-Jaxkob diseass fro
review of case-control studies. BMJ/2000;321:17-9, Links

ialag<t

2smith

~N—~3)14/18 http://www3.interscience.wiley.com/cgi-bin/fulitext/ 121606285/ HTMLSTART

L



vIfuurey a0 T e

45 .Esmonce TFG, Wil RG, Slattery JM, Knight R, Harries-Jones R, DeSilva R, Matthews WB. Creut zfeldt -Jakob in an experimental model of transmissible spcrgiorm encey
diszase and blood transfusion. Lancet 1593;341:205-7. Links components do not transmit Creutzfeldt-Jakcb disease in 7
46.varDuijn Ch1. Delasnerie-Laupretre N, Masullo C, Zerr 1, Silva R de, Wientjes DPWM, Brandel J-P, Weber T, 72.Brown P. Blood infectivity. processing and scraenng tests in trinsm st
Benavita V. Zeidier i, Alpérovitch A Poser S, Granieri E, Hofman A, Will RG, . Case-control study of risk factors Sang 2005:89:63-70. Links
of Treutzield: -Jakcd discase in Europe during 1993-1995. Lancet 1998:353:1081-5. Links 73.Holada K, Vostal JG, Theisen PW, MacSulay C it
P7.Cotins S, Law MG, Fletcher A, Boyd A, Kaidor J, Masters CL. Surgical treatment and risk of sporadic associated with platelets. J Viro/ 2002,76:4£4
Creutzfeldt-Jakon disease: a casz-control study. Lancet 1999;353:693-7. Links 74.Prowse C. Prion removal with filters. /SBT S¢i S

jht RSG, Amar K, Cousens S, Mackenzie J, Will RG. Possible transmission of variant 75.Sowemimo-Coker S, Kascsak R, Kim A, Andra
uiziedt-Jakaol disease ‘)y bicoc transfusion, Lancet 2004:363:417-21. Links exogenous (spiked) ang endogenous prion i
Bali JE, Ironside JW. Preclinical vCJD after blood transfusion in a PRNP codon filter. Transfusion 2005:45:1839-44. Links

anelyn CA, Hewit PA,

eifen AH, Head KAV, Richie DL

123 heterozygous patient. Lancet 2004,364:527-9. Links 76.Sowemimo-Coker SO, Pesci S, Andrade F, Kir A
50.Heaith Protectior Agency. New case of transfusion-associated variant-CJD. CDR Wkiy 2006;16:2-3. Links affinity prion-reduction titer removes exogen EER
t.wrae SJ. Pal S, Siddique D, Hyare H, Mactarlane R, Joiner S, Linehan JM, Brandner S, Wadsworth JD, Hewitt P, concentrates, Vox Sang 2006:90:265-75. L
Celiinge J. Clinical presentation and pre-mortem diagnosis of blood transfusion-associated variant CJD. Lancet 77 .Cervia JS, Sowemimo-Ceker SO. Ortolano GA. :
2016,368:2061-7, Links and the role of blood filtration in reducing thn:
S2.Edrorial team. Fourth case of transfusion-associated vGJD infection in the United Kingdom. Euro Surveill Transfus Med Rev 2006:20:190-206. Links
2037128070118 4. Links 78.Gregori L, Lambert BC, Gurgel PV, Gheorgniu © ;
53.Brewn P, Proece W, Brandal JP, Sato T, McShane L, Zerr |, Fletcher A, Will RG, Pocchiari M, Cashman NR, Hammond D, Rohwer RG. Reduction of transn .

d'Aignaux JH. Cervenakeva L, Fradkin J. Schonberger LB, Collins SJ. latrogenic Creut zfeldt -Jakob disease at the blood cells with prion protein affinity ligancs

mit 2nnium. Newrology 2000,55:1075-8 1. Links 79.Gregori L, Gurgel P, Lathrop JT, Edwardson P,

S4 Jobastan R Prion discases. Lancet Neurc/ 2005:4:635-42, Links : Reductlion in infectivity of endogenous transmi
58.Wiion K, Reketts MN. A third episade of transfusion-derived vCJD. Lancet 2006:368:2037-9. Links ° adsorption to selective affinity resins. Lance: 20¢
56.Prowse CV, Baiiey A. Vaidation of prion removal by leucocyte-depleting filters: a cautionary tale. Vox Sang 80.Turner ML. Prion reduction filters. Lancet 2006:368:219
2000,79:248, Links 81.Silviera JR, Raymond GJ, Hughson AG, Race R, Sim Vi, b ey £
57 Gregort Lo RcComuie N, Palmer B, Birch P, Sowemimo-Coker SO, Gulivi A, Rohwer RG. Effectiveness of particles. Nature 2005;437:257-61. Links
ieusereducton for remova of infectivity f transmissible spongiform encephalopathies from blood. Lancet 82.Dodd R. Bovine spongiform encephaiopathy. variant CJD, ara . EESELE
2003364 ~31. Links 2004:44:628-30. Links
53.Lucam CA, Turner ML Managing the ris~ of transmission of variant Creutzfeldt -Jakob disease by blood 83.Zerr |, Bodemer M, Gefefier O, Otto M, Poser 5. V//tfang < SN
products. &r J Hasmat 2005.132:13-24 . Links ~ 14-3-3 protein in the cerebrospinal fluid supports the dic ' o
59.Prowse C. Co spread of human prion disease ISBT Sci Ser2006;1:21-4. Links 1998,43:32-40. Links
50 .Circ ulaire N L du 23 septembre 2005 relative aux recommandations pour le 84.0tto M, Wiltfang J, Schulz & Zerr |, Otto A, Frabiberg A, Guie &
s4s chez les sujets ayant regu des produits sanguins labiles (PSL) Poser S. Diagnosis of Creutzfeidt-Jakob diseass by meas i o
emert atteints de variant de la maladie de Creutzfeldt-Jakob (vMCJ). Buli control study. BM/19€8:316:577-82. Link
‘ 85.Miele G, Manson J, Clintcn #4. A novel erythic o cifin e
81 5 nsnnssion of vGJD: a crisis avoided. Lancet 2004;364:477-9. Links Nature 2001:7:361-4. Links
62 M )h,/ EL, Connor D, voy P, Hirschics N, Busch MP, Roberts P, Nguyen KA, Reich P. Estimating blood donor 86.Barnard G, Helmick B, taden S, Gibeurne C IR
ioss due to the vanant CJO trave Transfusion 2004,44:645-50. Links . differential extraction and Deltia as a diagne fer
63.Farugia A, Ironside MW, Gangrande P. Variant Creutzfeldt-Jakob disease transmission by plasma products: 87.Safar JG, Scott M, Monahan J, Deering C

assn cating risk in an era of scientific uncertainty. Vox Sang 2005;89:186-92. Links Serban H, Groth D, Burten DR, Prusirer 58
54 .Wilson K, N. The success of pracaution? Managing the risk of transfusion transmission of variant encephalopathy or chronic wasting ¢ .sea 0
. Transfusion 2704:44:1475-8, Links 2002;20:1147-50. Lirks
¢ PC, Graham |. The application of the precautionary principle to the blood system: 88.Bellon A, Seyfort-Brandt ¥, Lang H, Baron
the Canadian bloee system's vCID donor deferral policy. Transfus Med Rev 2003;17:89-94. Links suitability for human prion detection with on
en S, Cniaveita JA. Geluman M, Fan v, Nair RC, Sher GD, Vamvakas EC. Predictive ability of sequential 89.Schmerr MJ, Jenny AL, Boigin M8, Miler 14 Fur

vs ‘n determining donor loss from increasingly stringent variant Creutzfeldt-Jakob disease defferal policies. and flucrescent labelied peplide to astect
Transfusicn 46:451-8. Links with a transmissible spongiform encephaicpatny. : S e
qras Jb, Pouchol &, Trouvin J.H. Evaluation du risque transfusionnel vis-a-vis de la variante de la 90.8afar JG, Geschwing 4D, Deering C, Digorenks S, sattaval i, Loniaz o, Sert
t-Jakob en france. Transfus Gin Bio/ 2006;13:298-303. Links Miller BL, Dearmond SJ, Prusiner SB. Diagnresis f IR RPN
8, Goidmann W, Chong A, Foster J, Siso S, Gonzalez L., Jeftrey M, Hunter N, Prion 2005;102:3501-6. Links
y transmitted by blood transfusion in sheep. Blood 2008;July 22. [Epub ahead of print]. 91.Brown P, Cervenaxova L. The modern la crrd
blood screening tests. Curr Cpin Hemato/ 2004;1 1:351
69 Docra SA, Bennett PG. VCJUD ana biood t:ansfusion: risk assessment in the United Kingdom, Transfus Clin Biol 92.MacGregor IR. Screening assays for transmissole
2006:13:307-11, Links 93 .Minor PD. Technical aspects of the developme !
70.Sisc S, Gonz L. Housion F, Hunter N, Martin S, Jeffrey M. The neuropathologic phenotype of experimental blood transfusion. Vox Sang 2004:86:16+<-
ovir ¢ BSE aintaned alter tleod trans‘usion. Blood 2006;108:745-8. Links 94.Cooper JK, Ladhani K, Minor D. Reference » he
71 Brown P Corvanadova L LleShane LM, Birber P, Rubenstein R, Drohan WN. Further studies of blood infectivity disease diagnostic assays. Vox Sang 20073 Lo

htprf fwwy 3linterscivnca.w ivy.con egi-binifulltext/ 12 19506285 /HTMISTART ~N—316/18 http://www3.interscience.wiley.com/cgi-bin/fulltext /1215




95.Fagge T. Barclay GR, MacGregor I, Head M, rronside J, Turner M. Variation In concentration of prion protein in

Dictz K, Rar

the peripheral blood of patients with variant and sporadic Creutzfeldt-Jakob disease detected by dissoclation
wrnanced Janthande fluorcimmunoassay and flow cytometry. Transfusion 2005;45:504-13. Links

Turner ML. Transtusion safety with regards to prions: ethical, legal and societal considerations. Transfus Clin

Bicl2007;13:317-9. Links

Lefrere JJ. The BOTIA project ("Blocd and Organ Transmissible Infectious Agents’): a European collection of

bivod samples and an observatory of agents transmitted by blood transfusion or organ transplantation.
Transfus Cin 8i0/ 2605:12:93-4. Links

Vaieron Ad, Bocllz PY, Chatignoux E Cesbron JY. Can a second wave of new variant of the CJD be discarded in

absgrce of tion of clinical non Met-Met cases? Rev Epidemiol Sante Publique 2006;54:111-5, Links
2 5. Wallis J, #diler N, Zerr |, Duerr HP, Lefévre H, Seifried E, Lower J. Blood transfusion and

spread of variant Creutzieidt-Jakaob disease. Emerg Infect Dis 2007:13:89-96, Links

10Q4arternann P et e Comilé européen SCENHIR Actualités sur le risque iatrogéne d'infection par agent a

transmission non conventionnetle lors de la transfusion sanguine et d'un acte invasif. Hygiénes
006:14:417.22. Links

10 'Egiin RP, Murphy WG. Beyond 'eukodepletion: removing infectious prions by filtration. Transfusion

2005:45:1836-8. Links

T0adabbott N, Turner M. Prions and the blood and immune systems. Haematologica 2005;90:542-8, Links

)Stlp://wwv\34inlerscienc:,\wc) com/cgi-bin/fulliext/ 121606285 /HTMLSTART ) ‘- ~=318/18

bj h revi

An update on the assessment and managemens ¢
transmission of variant Creutzfeldt-Jakob d:
and plasma products
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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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with CJD or these considered potenuially infectaa, ¢

haematopoictic stem cells and sclid argans is perai

those considered ‘at risk for public health pur
previously transfused, subject to a risk assessy
the risk of vCJD transmission against the poten:

rature of an otherwise suitabi

anspar

tissues is based on the same danor delemal ciiteria as binod

Donor deferral criteria remain, however, Shine

< ntanag

ment tools with potential deletericus effects siv siood, tissue

and organ supply.

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
concentrates for some groups of paiients, fur
children up to 16 years of age. Con

fatory reqe

given to cost, quality and reg 1

countervailing risks of transmission of otlier infedtious

or of component shortages.

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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immunocaptilary electropho

is was amongst the frst
wethods that cained o be able 1o detect PrP™E in the

peripheral biood, The test matacial is treated with proteinase

tive antibody inhibition assay using

(as

cempetitor) and a manoclonal
Pre™*t and the peptide
2005}, The twechnique has
¢ to reproduce in other laboratories
and failed to discriminate between infecied and uninfected

however pre

Licod samples in a Dblinded study {Cervenakova et al,

2003b).

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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round of PrP'®¢
2001). Recurrent cycles therefore of incubatio
tation lead to amplification of the or
ct al, 2005). Immunoblot and CDI
detection of Prp’®*
sonication cycles produced an incre
around 6000-fold, whilst a second
with a {resh source of normal PrP lzd
fold amplification. The technique i
discriminating infected from uninfectz
experimentally infected with scrapie, however Ui are rec
reports of detection of PrP™™ in uninl:

formation (Kociska ¢t s

and infectivity., Stud

implying the possibility of low levels of abi
PrP in ‘normal’ individuals.

A number of cell-based amplification izchn
described in which the rodent cell lines N2a {
2000), PK-1 (Klohn et al, 2003}, Rov9 {Birkeut ¢t al, 2001} an
CAD-5 are infectable by natural or experimental strai
scrapie and demonstrate amplification of Pep?E detected !
immuncblot. No cell-based amplification has
cessfully reported for CJD.

Both these kinds of amplification take severa: days (PMCA}

cs have b

shida e

been suc

to weeks (cell-based assays) and would therefore be be
positioned as confirmatory rather than scizening assays.

Considerations with regard to assay assessment. Whilst 1i
above is not a comprehensive list of ai the assays unda

2 and vancty

development, it does provide a flavour of tie rar
of approaches and their relative strengths and weaknesscs.
Some of these are now approaching the point 2t which
may be Council of Europe (CE) marked and marketed
potential clinical assays. There are, therefore, a serics of fur
considerations relating to the potential assessment and wti!
of ption assays prior to clinical implementation

The required sensitivity is difficult to gaug
level, spatial distribution and temparal variation of infectivity
in.the blood of patients with vC]D or healthy &
subclinical infection is unknown. The

because e

iduals wi
ility o

experimental data from mousc and har

the human condition cannot be asstined (7
Mareover, the relationship between infec
complex. Although many authorities beiieve

o o156
o S,

to be

Fig 1. Outcome of screening of a ‘normal’ populatios of ene miiicn
variant Creutzfeldt-Jakob disease using an
number of false positives greatly exceeds the nn

nber of true posi
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of reducing potential
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e UK in 1999 as
szancare transmission of
infected with the
Scheinker disease
caidepletion filters
v Studies in the

»oundarly suggest a
Sl infectivicy, consistent with
infvctidty, but not that

z

vatss Lae Likely distribution
: depleted red cell

f
)

yrocessing method
(=15 ml). Assum-
over 130 ID
© a3 log further

e ol aro

anid weuld consequently
<e of data on the level of
- of at least

cair beosaid in summary,

camponent
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Shetvily scenan
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s oler
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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

» L, British Journal of Haematology, 144, 14-23 19
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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

criniain fymsphoid

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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Managing the risk of transm
disease by blood products

Christopher A. Ludlam® and Marc L. Turner®

!Department of Haematology, Royal [nfirmary, and "5

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]. '

16 © 2005 Blackwell Publishing Ltd, British Journal of Haematology, 132, 13-24

‘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

® 2005 8lackwell Publishing Ltd, 8ritish Journal of Haema:ciogy, 132, 1
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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
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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:

2 2005 Blackwell Publishing Ltd, British Journal of Haematc!
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oster, 1999). Studies with blood
{animals (Brown et al, 1998; Foster,
th aigh-titre brain homogenates
»Vatebsni et ai, 2001; Reich] et al, 2002;
©etal, 2092), suggest that a number of

fractionatinn processes should contrib-
:ction in infectivity, including cryopre-
2 fractionation, depth filtration,
iy and nanofltration. Some of these
i in sequence, where it has been
the overall degree of prion removal
s rnaividual step but is less than the sum of

er, 2004

Far s past 5 vears o Ul

{ransiusion Services have had an
2ctive policy of tiving 1o optimise the use of all blood and
blood products. An sportant component of this policy has
been o ensure the approprizie use of red cell concentrates. The
A hius been o prevent Liinecessary red cell use as exemplified
oy Sirchia er el {19945 Such o policy not only reduces the risk
wed infections to each individual
1ts to be treated with a scarce

o7l tranmslusion-tras

rent but i allows

ntare pa

el vesource

Hon-blood transfusion related strategies to
prevent secondary spread of variant CJD
horizontally in population

i allcmpts were made 1o -assess

f horisonial spread of variant CID transmission by
vleod products and make rational
= safety measures (Bird, 2004).
iranamission in health care

nisins other

E i surgical procedures. The
twoml 2004 DNV sk aeessmeal was informed by animal
same measuse of risk related to prion
i was to try and identity the

sedies, which prost

wd i ihe ol
roceduies for which specific safety precautions
triutes. Ciearly some level of precaution was
i chinical variant CJD, but for

whiat Giler groups ofindividaals should precautions be taken?

Irowa, proposed that precautions should be taken for
wha conld he identified as having more than a

vedivicual

<ol exposure 1o an infectious dose of variant CJD prions
ten 1Dy extrapolated from experimental rodent studies).
lents Panel and Health Protection Agency

UK CJD Inaden

advice bused on the 2004 DNV risk assessment in

to recipients of blood components and plasma
w e taken with all identified

stenis of fesh blosd canponents from donors who went

tocts Precautions were

Forthase who received fractionated

oo develop variant O

ok from cach was calculated on a

dependent on the size of the donor

pool, detail of the manufacturing process, and the dose of
product that would give a 19% risk of exposure to an infectious
dose (as defined above) was estimated. The products were
divided into three groups based on the assessed risk. Those that
were considered to pose a high risk were factors VIII/IX and
antithrombin concentrates, where less than one injection of a
therapeutic dose for an adult would exceed the risk threshald.
Products in the medium risk group were those where the risk
threshold would be exceeded if several or more treatments
were given and included intravenous immunoglobulin and
high doses of albumin. The low risk group consisted of
products where very high doses, far in excess of those used in
normal medical practice would be required to exceed the risk
threshold, e.g. albumin used as an excipient in other products,
intramuscular immunoglobulin,

Having defined the threshold dose of ‘tmplicated’ product it
was necessary to identify which patients were ‘likely to have
received such a dose. For those with haemophilia and
antithrombin deficiency, it would have been possible in
principle to have identified all those patients known to have
received implicated concentrates, But this was likely to
tepresent 4 significant proportion of all UK haemophiliacs
as, by September 2004, .16 batches of factor VIll and cight
batches of factor IX were implicated and furthermore, it is
likely that more batches used in treatment several yeurs ago will
become implicated as further former blood donors dkvelop
variant CJD in the future. It was therefore decided to use a
‘population’ approach and consider all haemophiliacs who had
received clotting factor concentrate manufactured from UK
plasma between 1980 (the beginning of the BSE epidemic) and
2001 (the expiry date of the last batch of praduct prepared
from UK plasma) .as being ‘at risk-of variant CJD for public
health purposes’. Such a palicy strongly, advocated by
UKHCDO, was seen as the simplest and least threalening
way to categorise those for whom extra precautions would
need to he taken for certain invasive procedures. For other
groups, e.g. those with immunadeficiency, patients are being
reviewed individually and a decision made as to whether they
would fall into the ‘at additional risk of exposure to variant
CID for public health purposes’ category (Hewitt, 2004).

For those considered to in the “at additional risk of
exposure to variant CJD for public health measures’ group,
either on the basis of population or individual assessment,
the arrangements to prevent horizontal transmission have
been laid out by the Advisary Cammittee on Dangerous
Pathogens  (http://www.hpa.org.uk/intections/tapics_az/cjd/
blood_products.htm). Tn such individ_uuls CNS tissue con-
stitutes a high risk of tissue infectivity and thercfore
potential conlamination of surgical instruments. Surgery
on lymphoid tissue or olfactory epithelium and the anterior
chamber of the eye, e.g. cataract surgery, involved tissue of
medium risk infectivity. Insteunents for all these procedures
should either be disposable or ‘quarantined’ after surgery
and not reused, Tt has been suggested that some of these
could profitably be used for research studies inlo decan-

20 © 2005 Blackwell Publishing Ltd, British Journal of Haematology, 132, 13-24

tamination techniques. All other surgeries, includin:

and orthopaedic, were not considered to pose a si

risk of contaminating instruments with prions ay the o

were considered at low risk of infectivity and thereiuse

special precautions were advised.

With the publication of the primate study (Herzaz of 4l

2004), in which, foliowing infection of Macaques witt
prion both orally and intravenously, PrP> was
demonstrated in the gut subepithelial neural ple:
well as Payer’s patches, it became clear that endosc

biopsies of the gut mucosa could potentially contari
the biopsy forceps and its channel in the instrument w:
prp%. Whilst the current recommendation is that »

scopes used for non-invasive procedures be clean:
reused in the normal way, those used for invasive
quarantined’

dures, e.g. colonic biopsies, should be
reused. This has had major fnancal impliceticn: o

hospitals.

Concluding remarks

Management of the risk of transmission of variant O
indeed, other prion diseases by blood and plasma

remains highly problematic (Witson & Ricketts, 20
Although the relutively small and (alling number of cinical
cases in the UK is reassuring, data indicating that up to 9
infected individuals may sustain long-term preclin
subclinical disease and that most such individuals are fizely

to be currently in the 20—40 years age group supg:

signiticant poal of patentially infectious blood donors.
donor selection criteria are a blunt instrument for
management and current measures, such as universai leuco-
depletion, scem likely to be only of limited efficacy. i

donor screening assays and prion reduction filters otfer «

chance of contral, but much of the validation wiil need -

based on animal experimentation, the extrapolation of v
1o the human setting is prablematic. Most new risk reduziicn
mcasures are likely to be highly expensive and engenicr the
poisibility of alternative risks, inciuding critical bloogd o=
ages. [n this context, it is of increasing importance that healih
services work to ensure prescription of blood product: mnly
where they are required (Hart et af, 2004; McClelson i i
Contreras, 2005).
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Rationale: British beef was eaten at military bases during these time periods.
The maximum amount of U.K. beef eaten was about 35% of the total beef
ciet. ’

3. Donors who lived in France for 5 years or more, between 1980 and the
present.

Rationale: The French imported at least 5% of their beef supply from the U.K.
before 1996. There are also 5 cases of vCID in France. This deferral will go
into place befare the European deferral (# 5., below).

4. Donors who received a transfusion in the U.K. between 1980 and the
present.

Rationale: Although there are no known cases of transfusion of vCID, it is too
early to rule out this possibility. Since the U.K. has the highest number of
vCID cases, and is likely to also have the highest number of people incubating
vCID, we recommend deferral of people who have received blood products
from U.K. donors,

5. Blood donors who lived in Europe for 5 years or more, between 1980
and the present.

Rationale: Most European countries now have reported BSE, although in
fewer cattle than in the U.K. However, methods to prevent BSE from getting
into human food are not completely in place in all European countries, so we
recommend deferral up to the present time, ‘ :

How effective are the new donor deferrals at reducing risk of v€ID
from transfusion? - .

“ombined with the effect of our previous recommendations, our new
-ecommendations, added to the previous U.K; deferral, eliminate an

sstimated total 90% of overall risk (calculated by "risk-weighted" person-days

»f exposure to infected beef), and may decrease the number of donors an
average of an additional 5% nationwide. The new deferrals reflect an.at'tempt
o minimize the theoretical risk of transmission of vCID, while maintaining
critical supplies of blood products. '

Why can people who have lived in Europe for 5 years or more, give
Source Plasma, but not blood?

Blood donors are deferred, but donors of "Source Plasma," who have lived in
Europe (except France and the U.K. as above), may continue to donate.
Unlike blood, Source Plasma undergoes manufacturing into highly processed
products ("plasma derivatives"), several of which have been in short supply. .
Donors who have lived in Europe have a low likelihood of incubating vCID,
compared to people who lived in France or the U.K. Furthermore( publishec.jv
studies show that some of the steps used in plasma derivative manufacturing-
remove agents which are similar to the vCID agent, thus adding'a potential
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4, We continue to encourage mre e Liii. goal
among blood banks to zssist < nen Lo
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What will happen when new countries, not now on the blood donor
deferral list, are discovered to have BSE?

o7 our draft guidance in August 2001, BSE was

ich is not on the blood donor deferral list. The source
cd to be contaminated material from BSE cattle,

1 to Japanese cows. The news media has reported

so have received potentiai BSE-contaminated
liave fed to their own cows. We may consider

upon possible exposure to BSE in Asia or

r additional information about the potential level of
chein controls in these other countries is acquired

rabiy, would anticipate doing so after the currently recommended

ef eudld ? :ave been implemented and their impact is assessed.

How is FDA monitoring the risk of vCJD transmission by blood?

We monitor the risk by Keeping up to date with new published, and

puahb.ud sC i'\nt"‘: vork from academia and industry. Much of this material
s made pu oh vy aviilable st meetings of the TSEAC, We maintain close
Gt with experts in other agencies that are also involved in
:’ anc v JD such as the U.S. Department of Agricuiture and the Centers
ror Disease Cantrel and Prevention, as well as with international government
sgencies. FDA also tains its own pool of scientific experts in these

rfo active research to address questions of transmission of.

cpongifcrm encepha.cpathizs, such as BSE and vCID by blood.

=)

Where zan I obtain more information?

ranscripts, containing discussion and information

A
o =
S
ﬁ

¢ issues-and decisions, above:
« TSEAC Transcrints, December 18, 1998
*» TSEAC Transcrints June 1-2, 2000
* TSEAC Transcripts, January 18-19, 2001
+ TSEAC Transcripts June 28, 2001

Referenced Guidance

istry: Revised Preventive Measures to Reduce the
r’dﬂ>mISSlon of Creutzfeldt-Jakob Disease (CID) and -
di-)3kob Disease (vCID) by Blood and Blood Products

hinAvvane fda onviRialooiccRlnadVaccines/GuidanceComnliancaReonlatarvInfarm 2009/067A

Questions and Answers on "Guidanee Dy Iy lasi
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Office of Communiczi i,

Food and Drug Adm;:: it

1401 Rockville Pike

Suite 200N/HFM-41

Rockville, MD 2085.:-¢
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years 1980 and ongoing; or

. have received a transfusion of whele "o 0 oo o in
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Donor Exclusion to Address Theoretical Risk of Transmission The period of time of three months or more covit i s

of variant Creutzfeldt-Jakob Disease (vCJID) through the Blood Supply combination of time in either country. The p -
considers either the time spent ind:vidually :

the various countries so that cumuiatively, the resia
years or more .

UNITED KINGDOM, FRANCE &
WESTERN EUROPE

2. BACKGROUND
Variant Creutzfeldt-Jakob disease (vCID), first ¢
with the outbreak of Bovine Spongiform Enc

While there have been no cases of vCID att:
derivatives to date, lack of experivnice with t
limited knowledge available on certain biol
lack of information on the concentration and
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have the potential to spread throug!: human
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the UK or France between the years 1980 to 1996, inclusive. Based on recent scientific
knowledge available since the issuance of the 1999 and 2000 Directives, Health Canada, in
consultation with stakcholders including Canadian Blood Services(CBS) and Héma-
Québee(HQ), is directing industry to tighten the blood donor deferral for the UK and France to 3
months or more and to add a deferral based on § years or more spent in the above-noted
countries of WE,

This rew Directive is based on recent scientific knowledge available since the issuance of the
1999 and 2000 Directives and the following new information:

e The total number of cases of vCJD is increasing, with a cumulative total that reached 110
in August, 2001, with 106 in the UK, France reporting 3 cases and one case in the
Republic of [refand:

oy Tae number of observed BSE cases is increasing steadily in West European countries
once thought to be free of the disease;

e Brain tissue from BSE-infected primates, injected intravenously into other primates, has
been shown to transmit disease;

2 Recentrescarch has shown experimental sheep-to-sheep transmission of the BSE agent

by blood ransfusion,

Recent surveys conducted by CBS and HQ indicate that reducing the deferral period to three
months o7 more for cither France or the UK and the addition, of a deferral based on 5 years or
more ime spent in the above-noted countries of WE, will not jeopardize the blood supply.
Heaith Canada’s Population and Public Health Branch has carried out a number of modeling
studies to estimate the theoretical risk of acquiring vCID for those persons who have spent time
in the UK. Similar medeling studies have been done to estimate vCJD risk for persons spending
time in France and the above noted countries of WE. These risks are not identical and
consequently, HC would not require a deferral based on a combination of time in the UK with
time spent in France; or a combination of times spent between the above-noted WE countries
and either the UK or France. However, WE deferral does allow for a combination of times spent
among the above-noted WE countries.

A theoretical risk reduction of 72% is achieved under the 1999 and 2000 Directives. With the
implementation of the current Directive, there is expected to be an additional 16-18% reduction
of the theoretical risk for an estimated overall risk reduction value of 88-90%. A blood donor
foss ol around 3% or less is cstimated under the current Directive.

3. SCOYE

This Directive applies to all Canadian blood establishments that are licensed to fabricate blood
and blood components for transfusion or for further manufacture. Products affected by the
Direetive include all blood components for transfusion with the exception of: autologous
donations. peripheral blood stem cells collected for autologous transplants, rare blood types and
products derived from USA-sourced plasma.

4. REGULATORY REQT :
Blood establishments are requir:
Tissues Division of the Biologic

An attachment must be include¢ +
the donor base and plans to miti:
materials to be used in explainis

appropriate understanding of the. -+ roce nicnur

Regarding the withdrawal of pri
that all available components coii 2
or pooled for further manufactur: ¢

5. COMPLIANCE DATE
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months from the date of this Dir: -

6. ADDITIONAL INFOR™ A TION

Blood operators will be required ©- ey ot se i

donor bases and the supply of bi:.

On an ongoing basis, Health Can. ! i
knowledge. If other cases of vCJ: .o
carried out to determine specific . v i

The Directive, with a list of sup;y
an HC website.

Questions concerning the “ Donv . 1 oi o

variant CJD through the Blood &:
Biologics and Genetic Therapies
Blood and Tissues Division

3" Floor LCDC Building #6
Postal Locator 0603C

Tunney's Pasture

Ottawa, Ontario

KIA OL2

7. REFERENCES
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1. Monthly statistics on the Unit. ~ [l o s o
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hitp://www.doh.gov.uk/cjd/stats/aug01.htm
and  EUROCID and NEUROCID: The European and Allied Countries Collaborative Study
Group of CID{EUROCID) plus the Extended European Collaborative Study Group of
CID(NEURCCID)
httpi//www eurogjd.ed.ac.uk/
2. Monthly statistics on the cases of BSE determined through testing in the European countries.
Monthly BSE testing - Cumulative table from January to May
2001 http://europa.eu.int/comm/food/fs/bse/testing/bse testO
6_en.ndf - BSE testing - May 2001
and  Office International des Epizooties - Number of reported cases of BSE worldwide
http://www.oie.int/eng/info/en_esbmonde.htm
3. Corinne [da Lasmézas et al. PNAS, March 27, 2001, vol.98(7),4142-4147 “Adaptation of the
bovine spongiform encephalopathy agent to primates and comparison with Creutzfeldt-
Jakob disease: Implications for human health”
bup:/iwww, pnas.org/egi/doi/10.1073/pnas.04 1490898
4. Houston F, Foster J.D., Chong A, et al. Transmission of BSE by blood transfusion in sheep.
Lancet 2000; 356:999-1000

The modelling studies carried out by Health Canada’s Population and Public Health Branch to
estimate the theoretical risk of acquiring vCJD under the conditions of the Directive can be found
on the Health Canada website with URL: : :
http://www he-sc.ge.ca/sab-ces/sep2000_BSE_vCID_slidel1_e.html
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2. BACKGROUND

Variant Creutzfeldt-Jaxkob discase (vCID), first described in 1996, is a fatal disease linked
with the outbreak of Bovine Spongiform Encephalopathy (BSE) in cattle and the consumption of
beel and beef products from cattle infected with BSE2.

Scientific knowledge ot'the Transmissible Spongiform Encephalopathies (TSEs) has been
hampered by the long incubation period of the known TSE infectious agents (e.g. vCJID and
BSE) and the lack of diagnostic procedures available for early detection. Consequently, Health
Carada (HC) wishes to mitigate the risks of potential human to human transmission of vCJD
with policies on blood donor deferral for persons who have spent time or received transfusion of
biovd er blood components, in the UK, or France or WE.

In considering tais potential risk and measures to deal with it, the principle has been adopted
that one must seck o apply measures which will reduce the targeted risk without jeopardizing
the availabiliny or safety or'bloed in Canada. Using this rationale, Health Canada issued
Dircctives based on the scientific knowledge available at the time, on August 17, 1999°, August
20,2006 and August 30, 20017, The first two directives required the exclusion from blood
donation of all persons who had spent time amounting cumulatively, to a period of 6 months or
more in the UK or FF between the years 1980 to 1996, inclusive, based on the BSE epidemic
and the eccurrences ot vCID in the UK and France. The August 30, 2001 Directive was issued
to tighten the biood donor deferral for the UK and France to 3 months or more, to add a deferral
based on 3 years or mors spent n the above-noted countries of WE, and to add a deferral for
donors who reecived a bivod transfusion in the UK, between the years 1980 and ongoing.

The scientific knowledge related to vCID since the issuance of the 2001 Directive has increased,
meluding the following:

. A study in 2002 demonstrating that scrapie infected asymptomatic sheep could transmit
the discase to othier sheep by transfusion®,

. Research indicates that the intravenous route of transmission of BSE is highly efficient®

. There have been two recent reports of potential human to human transmission of vCJID by

biood transfusion ™. The two blood donors involved did not develop symptoms of vCID
until 40 and 18 months after the donation. One of two recipients of the suspected blood
component was ¢ methionine-valine heterozygote(MV) at codon 129 of the prion protein
gene (PRNP), contrary to previous data suggesting that susceptibility to vCID was
restricted 1o the methionine homozygous (MM) PRNP genotype’.

There has been an increase in BSE and vCID cases reported worldwide®'*!!, The total
v and probable cases of vCJD has reached 168 as of February 7, 2005,
ac UL, 9 in France, and one case each in the Republic of Ireland,

United States'>,

nmberofdent
with 154 case

Canade, taly and
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months from the date of this Directive.

7. ADDITIONAL INFORMATION

Blood operators will be required to report semi-annually on the impact of this polxcy on their
donor bases and the supply of blood.

On an ongoing basis, Health Canada may update its guidance in response to new scientific
knowledge.

Questions concerning the “ Donor Exclusion to Address Theoretical Risk of Transmission of
variant CJD through the Blood Supply” should be directed to:

Biotogics and Genetic Therapies Directorate

Centre for Biologics Evaluation

Director’s Office

3rd Floor LCDC Building #6

Postal Locator 0603D

Tunney's Pasture

Cutawa, Ontario

KIA 0L2
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