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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
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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
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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:
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ARTICLE TEXT
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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
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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

hitp:/ fwww3.interscience.wiley.com/cgi-bin/fulitext/ 121606285 /HTMLSTART

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

hitp://www3.Interscience .wiley.cam/cgi-bin/fulltext/ 121606285 /HTMLSTART



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

barpd verp3antars s oo oo G- b n e x T2 1606285 /HTMLSTART

5. Do non-MM subjects (that is, 60% of th:

“he results of a retrospective British study on the prevalence of vCJD -

2

T S VAN

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,

http://www3.interscience.wiley.com/jcgl-bin/fulltext/ 121t 2623513



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.
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