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REVIEWS
From mad cows to sensible blood transfusion: the risk of prion ‘transmission by
labile blood components in the United Kingdom and in France
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ABSTRACT

Transfusmn transmlss:on of the prion, the agent of variant Creutzfeldt-Jakob disease (vCJD), is now established.

. Subjects infected through food may transmit the disease through blood donations. The two nations most affected
to date-by this threat are the United Kingdom (UK) and France. The first transfusion cases have been observed in
the UK over the past 5 years. In France, a few individuals who developed vCJD had a history of blood donation,
leading to a risk of transmission to recipients, some of whom could be incubating the disease. In the absence of a
large-scale screening test, it is impossible to establish the prevalence of infection in the blood donor population
and transfused patients. This lack of a test also prevents specific screening of blood donations. Thus, prevention of
transfusion transmission essentially relies at present on deferral of “at-risk" individuals. Because prions are present

- in both white blood cells and ptasrha, lsukoreduction is probably insufficient to totally eliminate the transfusion risk.-
In the absence of a screening test for blood donations, recently developed prion-specific filters could be a solution..
Furthermore, while the dietary spread of vCJD seems efficiently controlled, uncertainty remains as to Lhe extent of
the spread of prions through blood transfusion and other secondary routes. '
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ARTICLE TEXT . )

. The first case known in the history of medicine as “mad-cow disease" dates back to 1985. It was observed in.the
United Kingdem (UK}, where the epidemic spread widely: by 2001, close to 180,000 animals had been affected '
by bovine spongiform encephalopathy (BSE). Most likely, the epideric appeared as a result of feeding of bovine
“Iiv_estock with animal food prepared from residues from slaughtering’and quartering, including carcasses of sheep
which died from scrapie and cattle affected by a sporadic form of BSE The use of such animal feed was forbidden
in 1988 in the UK and in 1994 in France. On March 20, 1996, the UK Department of Health announced that the
BSE agent was transmissible to man. A new human pathology appeared that year: a previously unknown form of
Creutzfeldt-Jakob Disease (CJD), transmitted by a variant of the prion, the agent of sporadic CJD.

Unlike other transfusion-transmissible agents, the prion (Proteinaceous Infectivity Only) contains no nucleic acids
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and is composed purely of protein.®-3 The “normal® prion or PrP° (" proteinaceous partic]e;') is a protein expressed
on the cellular membrane by a number of tissues, but the greatest amount is found on the neurons in the brain,
Sensitive to the action of proteolytic enzymes, PrP® has a hali-life of a few hours. Despite having an identical
amino acid sequence to that of the nornral form, the BSE agent is a prion of different conformation, designated by
the abbreviation PrP® (sc for scrapie) and is derived from the isoform of the normal protein by a posttranslationa!
structural modification and conversion to a richly heta-pleated sheet.* The abnormal prion has a tendency to
agaregate and above all a resistance {from which is derived its other abbreviation, "PrP™%") to proteolytic
enzymes (notably proteinase K, resistance lying in the majority conformation in beta-pleated sheets.® The prion
itself plays a role of cofactor in this conformational change. In infected subjects, PrP® induces, on native PrP
molecules, a conformation that confers on them their pathologic character, and the phenomencn of amplification is,

self-propagated.® Because it affects the accumulation of a protein present in its natural state in the body, there is
no immunologic response: neither the production of antibodies nor a specific celiular response. Accumulation of
abnormal prions generates vacuoles in the cerebral tissue, giving eventually a sponglform appearance and hence
the title “spongiform encephalopathy.*

HUMAN PRION DISORDERS

EEEEE-HE

The human transmissible spongiform encephalopathies (TSEs) generally follow a long incubation period, but with
subsequent rapid evolution and death. Varicus forms are described:

+ The idiopat hic disorders, principally the sporadic form of CID {sCJD), which continues to be the commonest
- form. It.appears predominantly in the seventh decade, with an annual incidence of 1 to 1.5 cases per million

population.7 Death follows within 6 months. This form, which Is associated with a pathologic prion, has

unknown etiology. It probably results from a spontanepus conformational modification of PrP to PrPSe.
. The genetic farms: familial CJD (fCID), Gerstmann-Strauster-Scheinker syndrome, and fatal familial insomnia.
. The acquired forms were, until 1966, of human origin: kuru, found in New Guinea and linked to funeral
practices, and the fatrogenic form of CJD, seen after use of contaminated neurosurgical instruments, corneal
‘grafts, dura mater, and intramuscular injection of pituitary hormones, obtained from cadavers. Acquired

disease of bovine origin, that is, variant CJD (vCJD) is seen in subjects infected with the BSE agent.a'9 This is

the only human prion disorder that has crossed the species barrier. The first series of 10 patients was
_described in 1996 by the UK National CJD Surveillance Unit {NCJDSU) based in Edinburgh. The disease was

found chiefly in 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.'® Nuclear magnetic resonance imaging
scanning shows hypersignals situated in the posterior thalamus ("pulvinar sign"). Unlike other human prion
disorders, notably sCJD, in which the accumulation of abnormal prion protein affects the central nervous
system with a minima! peripheral involvement, vCJD progresses with invasion, by the abnormal protein, of the
central nervous system, the peripheral nervous system, and other tissues, notably Iymphmd tonsils,

 appendix, Peyer s patches, and thymus. "1 Tonsillar blopsy may reveal the presence of PrPSC, but a negatlve
result does not categorically exclude the diagnosis.

GENETIC INFLUENCES

EEFREE-E

The prion protein gene is situated on the short arm of chromosome 20 and codes for 254 amino acids, with either
valine {V) or methionine (M) at position 129. With two copies of the gene, an individual can be MM (39% of the
normal population), MV (509%), or VV (119%). This polymorphism is fundamentally important in the development of
the variant type of the disease, since there is a host susceptibility linked to the genetic type.m'13 Homozygosity
for M (MM) appears to confer susceptibility to clinical expression and to influence the incubation period of the

disease: all vCJD cases, to date, in whom codon 129 typing has been performed, are MM homozygotes.'® In one
case of infection, where the individual died 5 years after an implicated blood transfusion but did not have any

clinical symptoms of vCJD at the time of death, the genotype was MV. Furthermare, PrP®C has been detected in
.the appendix of two VV cases.'® The MV genotype and perhaps more the VV genotype could confer a protective
effect, but this remains true only until a symptomatic case of vQJD is described in a MV or VV subject. In fact, we
know that individuals with all three genotypes can accumulate PrP*¢ in vCJD- specmc tissues, but we do not know
whether symptomatic cases wr[l develop in all genotypes :
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EPIDEMIOLOGY OF vCJD

To December 2007, a cumulative total of 186 cases of vCJD have been recorded in the UK, and this number
accounts for the majority of cases worldwide. Mean age of affected individuals was 28 years (range, 12-74 years),
with a slight maie predominance. The mean duration of the symptomatic period was 14 months (range, 6-40
months). All tested patients were homozygous MM. The most probable origin for the majority of cases was

dietary: no risk factor of other kinds of CJD was observed.'®-17 A small number of cases had a history of blood
transfusion, and some of these have been linked with a known infected donor.

In France, vCJD incidence was, as in the UK, proportional to dietary exposure to contaminated beef. Importation of
contaminated beef into France increased regularly from 1985 to 1995, while the ingestion of these meats

decreased in the UK over the same period.18 However, the level of exposure in France is estimated 92" to have
been 10 to 20 times lower than that of the UK, with moreover a difference between the two countries in terms of
dates of occurrence: the comparison between the number of French cases and that of UK cases (taking into
account the year of the beginning of the symptomatic phase) indicates that a maximal incidence of French cases
occurred 5 years after the peak of the epidemic in the UK, \_Nheie the number of recorded cases has regularly

" decreased since 1999.17 This temporal gap in the epidemic in the UK and in France is attributable to the period of
maximal exposure of the general population in the two countries.

Between 1996 and 2007, 23 vCID cases have been registered in France, with a mean age of 36 years (range, 19-
58 years) and an equal sex ratio (12 males, 11 females). The clinical and genetic characteristics were comparable
to those of the British vCJD patients. The mean duration of the symptomatic period was 15 months (range, 8-24

months}. All the anal{gzed cases were homozygous MM, without: any risk factor of other kinds of- CID.'? Short
stays in the UK (less than 10-day periods} were mentioned in 3 patients; a fourth one had stayed several times in
the UK, for long periods, between 1987 and 1996.

In other countries, vCJD cases remain exceptional. A small number of these cases are attributable to residence in
the UK, but there remain a number which appear to have been acquired outside the UK and France: two cases each
in Ireland, the Netherlands, Saudi Arabia, Spain, and Portugal and one in each of ltaly and Japan.

Several studies have been conducted to estimate the extent of the vGJD epidemic in the UK and in France. A
- British retrospective study revealed the presence of the abnormal prion in surglcally removed appendix in 3 of

12,674 individuals without clinical vCJD: 22. this rate appears higher than suggested by the number of vCJD cases
-recorded in the general population. From these results, a prevalence of 237 cases per million of British citizens
was proposed (95% confidence interval, 49-792), In the most pessimistic hypothesis {i.e., taking into account the
highest range of this interval), 41,250 of 60 million individuals would be infected by the abnormal prion. However,
the latest count of vCJD cases in the UK is more in agreement with the lower prediction of epidemiologists.

In France, where the level of exposure was lower than in the UK, estimates of 6 to 300 vGJD cases during the next

60 years have been suggested in one study,'® and 205 cases in another. 23 In 2003, a modél of-incidence
prediction suggested a total number of 33 cases (0-100}, with 14 cases (2-30} over the 2004-2005 per[od and

11 (1-20) over the 2006-2010 period.'® These data are compatible with the most recent epidemiologic reports.

A recent study predicted 39-(6-99) subsequent cases.2' The worst case scenario of 300 cases over the next 60
years is, however, maintained in the epidemiologic estimations, in particular to estimate the prevalence of prion
-infection in the blood donor population.

Measures taken against the vCJD epidemic, with screening for the BSE agent in cattle and elimination of positive
animals from the food chain, and the latest epidemiologic observations suggest that a vGJD pandemic of dietary
origin is unlikely in the coming years. The unknowns now reside in other sources of contamination, through blood or. .
cellular vectors: blood transfusion, grafts of tissues or organs, or use of medical or surgical instruments
~contaminated with the abnormal prion. Transfusion transmission is especially feared due to its potential extent.

- Nowadays, since food contamination, which was the main source of infection, seems fully controlled, has
transmission by blood components taken its place? In the UK, as in France, while prions have probably been
eliminated from beef, they are likely to be present in the blood of asymptomatic human carriers and transmissible
to the recipients of their blood donations. The fear of human-to-human transmission has thus replaced the fear of
interspecies contamination. ' '

EXPERIMENTAL BASIS OF vCJD TRANSMISSION BY TRANSFUSION

Untll about 1996 lt was acknowledged that the GJD agent was not transmitted by transfusion: several studies
" failed to show any association between the occurrence of sGJID and a past transfusion. 24-26 . The prion load being
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higher in vCJD than in sCJD,27 the number of infectious particles in blood and/ or. their distribution in individuals
affected by sCJD are presumably too low to cause transmission through a blood transfusion. Thus, before the first
vCJD cases, the two main clrcumstances of prion transmission between humans had been kuru and iatrogenic
contamination by injection of growth hormones of pituitary origin. It should be noted that transmission of the kuru
agent belongs to the past since the prohibition of certain rituals in New Guinea and that the exclusive use of
growth hormones of recombinant origin put an end to iatrogenic transmissions through this route. Though no
cases of hurman transmission of vCGJD had yet been described, the possibility of transmission by blood transfusion

remained a theoretical risk.28 3! Unlike major transfusion-transmitted viruses observed in the past decades
{hepatitis B virus, human immunodeficiency virus [HIV], hepatitis C virus), the vCJD agent did not immediat ely
enter into the family of blood-borne agents.

In experimental models, invasion of lymphoid tissue by abnormal prion has been observed rapidly after infection,
with persistence throughout the whole incubation period. it has been suggested (but not demonstrated} that the
lympheid infiftration is brought about by circulating cells, which led to the hypothesis that infected lymphocytes
could transmit the prion to recipients of blood components containing lg,(mphocyte-s.a'2 Intracerebrat injection in

mice of buffy coats and plasma collected from patients ‘with vCJD has not. shown such transmissibiiity,33 but these -
experiments only involved a small number of cases and the sensitivity of the technique may have been insufficient
to detect low.level of infectivity. Subsequently, transfusion transmission of prions was shown in rodents,3* in
particular in mice made susceptible to vCJp.35.38 However, the turning point was the result of experiments aiming
10 show‘, transmissibility through blood from orally infected sheep to healthy sheep:37 it was then found that the
abnormal prion was present in circulating blood and that blood could be a vector of transmission. Blood infectivity

being thus demonstrated, at least in certain circumstances, French and British Health Authorities, as a precautlon
- considered the possibility of transmission of the vCJD agent by transfusion.

In.another experiment, transfusion of healthy sheep with blood from infected sheep led to transmission rates of 17

percent for BSE and 19 percent for scrapie.>® A more recent animal experiment was based on detection of PrPSC in
bloed of hamsters experimentally contaminated by the scrapie agent through intraperitoneal inoculation of infected
brain tissue.®? In both cases, the infectious agent was present in circulating blood during a part of the incubation
phase of the disease, and the transmission rate was shown to be quite high. However, it is important to distinguish
the studies conducted with a Western blot assay detecting the amplified amyloid protein and those involving a
titration of endogenous infectivity.

Finally, even before the description of the first human transfusion cases, these animal experiments had shown
blood transmissibility of prions and the poss1bllny of a short incubation period of the disease through this
transmission route.

SURVEILLANCE OF TRANSFUSION RISK OF CJD IN THE UK

The first UK epidemiologic studies did not suggest transfusion as a mode of transmission of the vCJD agent, and

. the first descriptions of recovery of abnormal prions within the body had indicated that the blood route would be
an improbable source of contamination. Subsequently, experiments into blood-borne transmission of the BSE agent
in sheep and-the observation of a wider distribution of PrPS¢ in the body of subjects infected by the variant agent
compared with subjects infected with sCJD led to reconsideration of this view.

in 1994, the UK, the country most e-xpos‘.ed to the BSE risk, put in place a national S;Jrvei]lance system named
"The National Creutzfeldt-Jakob Disease Surveillance Unit" or NCJDSU charged with identifying and monltorlng all

cases of CJD.4041 Ajj suspected cases were to be reported by heaith professionals {principally neurologists and
neuropat hologists} and then confirmed and categorized according to the defined diagnostic criteria. As far as

" transfusion is concerned, the medical history of each patient was examined and family members were interviewed,
looking for history of blood donation or of receipt of transfusion. A collaborative study between the NCJOSU and
the UK Blood Transfusion Services, called "TMER" (Transfusion Medicine Epidemiology Review), was set up in 1997
{0 examine all cases of CID, including sCID, fCJD, and vCJD, who had either donated or received blood in the past.
On December 1, 2007, among the 166 UK cases of vCJD, 150 were old enough to have been blood donors and,

among these, 31 {21%) had, at least according to their families, donated their blood at least once.?? Records were
checked and the dates and places of the donations were established. The fate of the donations was traced,
including whether they were used for blood component preparation and/or for fractionated plasma products, and
the fate of recipients of blood components was established. These enquiries identified donor records relating to 24
individuals who later developed vCJD: 18 of whom had donated blood that had been used to prepare components
issued for hospital use. A total of 66 recipients were identified from these 18 donors: 23 of these are still alive.
Blood dongr records were identified for only 3 of 93 individuals who later developed sCJD and were reported o
have heen donors 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 between 1 and 7 years after transfusion. Seven recipients are not known to be
dead and have survived 7 to 9 years after transfusion. Three cases who developed 1CJD {of 5 reported as blood
donors) were associated with 11 identified recipients, of whom 2 died within 1 year of blood transfusion and 3 died
3,10, and 17 years after transfusion. Three recipients not known to be dead have survived 13 to 21  years after”
transfusion. Among the 97 recipients thus identified, 4 have developed evidence of infection and 3 of these have

- died of the disease: these all belong to the first group, those exposed to risk of vCJD. Because there is no
evidence that either sCJD or fCJD has been transmitted by bloed transfusion, none of those recipients have been
informed and none were tested for evidence of infection. . '

THE FIRST UK CASES OF v(CGJD IN BRECIPIENTS OF BLOOD COMPONENTS

All four transfusuon associated vCQID infections occurred in patients transfused in the UK with nonleukoreduced red
blood cells {RBCs). There have been no transfusion-associated cases of sCJD or of fCJID: no cases have ever been

described in these two latter groups, even in retrospective lookbacks or in case control studies,‘“"” and no such
infections have been detected in the blood in experimental animal studies, even in transgenic mice rendered
susceptible to the disease, although it is not possible to formally exclude transfusion cases of sGJD, which might
have passed unnoticed if they possessed exceptional features and/ or a particularly long incubation period.

The first of the four patients infected with vCGJID through biood fransfusion was a male in the 60- to 70-year age
group, who developed the iliness in 2002 and died the next year. During surgery in 1996, he received 5 units of
nonleukoreduced RBCs, one of which was donated by a young donor who developed vCJD in 1999 and died the
following year. Both donor and recipient were MM homozygous. Infection of dietary origin could not be completely
excluded in this case (as In the others), but the transfusion was the most plausible explanahon given the age of
the recipient which was greater than the median for cases believed exposed through the dietary route, and by the
association of this rare disease in both donor and recipient: statistical analysis demonstrated that the possibility
these two observations of vCJD would have happened independently, if transfusion was not the source of
infection, was in the order of 1:15,000 {and rose to 1:30,000 taking into account the age of the recipient}. This

first transfusion-associated case in world literature was reported in December 2003.48

The second case was an elderly recipient, who died of cardiovascular causes without developing any clinical signs

of vCJID. Asymptomatic infection with PrPS¢ was established by postmortem examination, which demonstrated the
presence of abnormal prion protein in lymphoid tissue (the’spleen and one cervical lymph node, but not in the

tonsils or appendix), bit not in the brain. This patient had been identified as "at risk" since, 5 years previously, in
1999 a nonleukoreduced RBC component had been provided from a donor who died of vGJD 18 months after the

donation. The PrP% isolated from the spleen had an isoform identical with that observed in cases of vCJD. The
donor was an MM homozygote, but the recipient was a heterozygote (MV), which may explain the asymptomatic
nature of this case, assigned as "preclinical® or "subclinical” vCJD. Alternatively, the recipient may have developed
vCJID at a latér date, if survival had been longer. This second case of possible transtusion transmission of vGJD
infection was reported in July 2004.4°
The third case, reported in 2006,%%:5951 was also one. of the cohort of blood recipients who had received
nonteukoreduced RBCs and had been notified of their risk. This recipient was in the 20- to 30-year age group and -
had received transfusion support during a surgical intervention complicated by serious bieeding. The recipient
developed vGJD in 2005, 7 years after the transfusion episode, and died 2% years later. One of the donors
presented with vCJD in 1999 {18 months after the donation) and died the following year {21 months after the
. blood donation). Both donor and recipient were MM homozygotes. ’

The fourth and last case to date was a recipient who developed vCID 81 years after transfusion with RBCs from a
donor who presented with vCJD 17 months after donation. This donor was the same as that to case number

three. The recipient, genotype MM, died 1 year after presentation.52

These cases.reported in professional journals (and subséquent[y in generat reports) have led to the risk of
transfusion-associated vGJD moving progressively from "theoretical risk" to “possible,” then to "probable" and
finally "demonstrated.” There are a number of unknowns in the variables of risk of blood contamination by vCGJD,
but the combination of the low prevalence of vCID in the general population (the estimation of the.risk from an

individual unit varies between 1:15,000 and 1:30,000 in the UK} 48 gnd of the high prevalence of vCJD cases in
the small group of recipients whe have been rendered at risk {and it should be noted that a sizeable proportion of .
these at-risk recipients have died without surviving long enciigh to develop an eventual vCID and were never
-tested for the presence of infection) makes highly probable a transfusion origin rather than diet. The occurrence of
these cases reinforces the theory that the blood of a donor in the asymptomatic phase of the disease could be
infective for recipients. This evidence of the transfusion transmissibility of vCJD thus largely justifies the '
preventative measm'es previously applied in the UK and in France.
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In fact, deépite the small number of reported transfusion cases, many observations have been proposed or are
already known: '

1.  The possibility of a relatively short incubation period with a transfusion source: 6% years between the
transfusion 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 bleod and transmitted by this route, even if it is established that
intraspecies transmission is usually accompanied by a shorter incubation than interspecies transmission.
indeed, the shortest incubation period has been observed in kuru, in the tatrogenic form after injection' of .
growth hormone,s3 and in transfusion-associated vGJD.54

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

relatively short follow-up. period.®® A review of the UK's TMER study published in 2006 gave an indication of

the transfusion risk of vCJD and of the incubation period of the first observed cases: %% among the 66 blood
component recipients transfused from donors who later developed vGJD, 37 died v'vit,hin the first 5 years
posttransfusion with a cause of death linked to the existing illness. Apart from the one case shown to have
evidence of infection, none of the other deceased recipients were tested for evidence of infection because .
‘their deaths predated the information that their donars had developed vCJD. Furthermare, ne postmortem
tissue was available for ret rospective testing.
Among the 29 who survived over 5 years, 20 are still alive and have no signs of v(iD, and 9 are now
deceased. Among these 9, 6 died of pathology not linked to vCJD (although only 1 of these had a
postmortem to look specifically for infection, which was demonstrated) and 3 developed (and died from)
vCGiD. ) _
3. The influence of codon 129 genotype is nol refuted in the context of the transfusion route: the sole
recipient known to be infected but asymptomatic was a heterozygote (MV), although it should be noted
that the observation period was the shortest of the series of infected recipients, since this recipient died 5
years after transfusion.
4.  All.the infected recipients had recelved nonleukoreduced RBCs between 1996 and 1999. Routine
‘leukoreduction was introduced in the UK by October 1999. .

" 5. ‘The four recipients who developed evidence of infection had been transfused respectively with component's
from 5, approximately 8-10 (figure uncertain), 56, and 23 blood donors. [Correction added after online
publication 2-Jan-2008: Number of donors has been updated.]

6. 'Inthe UK and France, no case of vCJD has been reported in recipients of fractionated piasma products. As
indicated in the title of this article, we have limited our review to labile blood components, aware of the
‘additional proceduresAthat 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 transfusions during
the "risk period* for vCJD (one case had received a blood transfusion, but in 1971, before the epidemic), some

" patients had been blood donors, as would be predicted, in the same period. In 1992, a national surveillance

- netwaork for cases of CJD was set up in France, coordinated by Inserm Unit U708 and including representatives of
various medical specialities and the health services: neurologists, neuropathologists, reference laboratories, and the
"Institut de Veille Sanitaire" (InVS). The aim of this network was to coliect and investigate reports of suspected
cases of CJD, follow their progress, classify the type (sporadic; familial, iatrogenic) and the degree of probabifity
(distinguishing confirmed cases from probable cases), and establish epidemiologic characteristics. in cases with

* previous history of blood donation, InVS was charged with informing the French Blood Service (* Etablissement
Francais du Sang") so thai a transfusicn investigation could be started. It appeared that three of the French vCID
cases, who had developed the disease in 2004, 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 platelet (PLT) concentrate. Fourteen recipients, of whom 10 were still alive, were
traced. Ten plasma donations were used for fractionated plasma products.

The second case (ninth in the series, reparted in April 2004) was a 52-year-old man who had donated blood since
1984, chiefly between 1996 and 2002. No investigations were carried out into donations which preceded the vCJD
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