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‘dementia’ recorded on the death certiftcate, but éxaminatidn
of case notes indicated that neither case had featires to sug-
gest vCID. All the other recipients were certified a5 dying of
causes unrelated to vCID, except for a recipient whose cause
of death on the death certificate was recorded as ' 1A demen-
tia and [I. prostate cancer’ and was later confirmed neuro-
pathologically as suffering from vCID [7]. “This pa'ticni;

.88

clinical symptoms in the donor. ~

who had received a transfusion of red cells 6.5 years before

onset of clinical symptems, was a methionine homozygote at

codon 129 of the human prion protein gene (PRNVP). The case

_ that donated to this individual alse had a neuropathological

diagnosis of vCJID, with clinical onset approximately 40 months
after donating. In a second red cell recipient (of a different
donor who developed dlinical symptoms approximately
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Table 2 Cause of death of variant Creutzieldt-Jakob disease recipients
known to have died (n = 40} :

Interval from - Number of

transfusion to death recipients  Cause of death

Acute renal cortical necrosis
Cancer (2]

Myocardial infarction
Septicaemia (2)

Sepsis {pancreatitis)

< 1month ?

Aspiration pneumenia
(sigmoid resection}
Cancer (4)
Myclodysplasia (2)
Myelofibrosis
Peritonitis (2)
Strokefdiabetes mellitusfdementia
Cancer(3) . ;
Acute myeloid leukaemia (2}
Bronchopreumaniafsenile dementia
Cancer
, B tschaemic heart disease {3]
Chronic obstructive airways disease
(coAD)
Hypertensive heart disease,
chronic renal failure
Myelodysplasia ‘
Disseminated sepsis
Spinal haemangioblastoma
" Cerebrovascular accident
Ischaemic heart disease
Acute lymphoblastic leukaemia
) Dementia’, prostatic cancer

1~ < 6 manths n

6-< 12 months 3
1-<5years ’ 12

S5-<i0years | 5

Ruptured aortic abdominal
aneurysm/fsevere athcroma/COAD!
" Bronchoprgumonia

=10 years 2
. Ischaemic heart disease

*Confirmed variant Creutzfeldi-Jakob disease case {7).
BPrP positivity in lymphoid tissue, pre- or subclinical vCID infection [8].

18 months after donating and was later diagnosed with
neuropathologically confirmed vCJID), protease-resistant prion
protein (PrP™) was detected in the spleen and one lymph
node (but not in the brain) at post-mortem [8]. Thils recipient,
who died 5 years after transfusion without any clinical
symptoms of vCJI}, was a codon 129 PRNP héterozygate and
is thought to represent pre- or subclinica! infection.

Live recipients

Twenty-six recipients (39%) are alive as of 1 March 2006 with
" amean age of 63 & 19 years. Table 3 shows the number of live
recipients according to the time elapsed since transfusion,
along with their current age, component transfused and the
interval between donation and onset of clinical symptoms of

© © 2006 Blackwell Puhlishing Ltd. Vox Sarguinis (2006) 91, 221-230

patient with haemophilia in the UK.

vCJD in the donor. Fifty per cent of live recipients were trans-

fused with components from vCID 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 narmal 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 around 5 months to 191 months after making the dona--
tion [see Table 3). Récently, 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 vCID infection developed -
vCID approximately 21 months after the donation, and the
recipient is a codon 129 PRNP methonine homozygote.

Plasma for UK fractionation

Twenty-five units of plasma orfginating 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

doniors have been traced. The fate of batches of product
derived from the two remaining plasma donations, from two’

" . different donors, has not yet been {raced, and this search

is still ongoing. Table 4 lists the plasma products derived
from the 23 traced donations and the number of batches
implicated, divided into risk categories as used in the plasma
product notification exercise (www.hpa.org.ukfinfections/
topics_azfcjd/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 VIII. It
is also known that no case of vCJID has been idenfified ina

‘

sCJID cases with history of blood donation

Ninety-three cases of sCJD identified between 1980 and 2000 -
were reported to have been blood donors, with only 38
reparted 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 sCID cases; but
only three had actually donated labile blood components 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

89
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* Table 3 Live recipients of iabile blood components donated by variant Creutzfeldt—Jakob disease cases (7 = 26}

Time elapsed Current aQe of Blood component interval between blood donation and onset
since transfusion® recipient (years)® transfused of clinical symptoms in donor {months)*
1-< 2vyears 48 Piatelets (leucodepleted) -9 manths
49 Red cells (lezcodepleted) -5 months
83 Red celts (lewcodepleted) 2 months
2 - < 3 years 38 Red celts {leucadepleted) 7 months
3 - < 4years 58 Red cells (leucodepleted) 19 months i
83 Red cells {leucodepleted) 22 months
20 Red cells {leucodepleted) - -5 months
4 ~ < Syears 59 Red cells (leucodepleted] 26 months
67 Red cells (teucodepteted) —2 manths
89 Red cells (leucodepleted)” 32 months
5-—< Gyears 30 Red cells (leucodegleted) 37 months
52 . Red cells (feucadepleted) 9 months 4
B4 Red cells {leucodepleted) ' 44 months
ﬁ . Red cells leucodepleted). S months -~
B < 7 years - ~ : -
7- < Byears a2 . Red cells 5 moniths
8- < 9years 31° Red cells 21 months
74 Red cells 17 months
- 76 Red cells 49 months
87’ Red cells 55 moriths
9-<10 ycarﬁ 75 Red cells 70 mpnths
. > 10 years ki Cryo-depleted plasma 7 months
: 49 Red cells .- 1§ months
67 Red cells 46 months
70 Red cells 191 months -
75 _ Redcells 98 months
87 Red cells

82 months

‘3gs at 1 March 2006.

A negative interval derotes that donation was made by individual while (retrospecuveiy recognized) clinical symptams were present.

cPrc:nt;\al:ore variant Creutzfeldt-Jakob discase case [9).

sCID between 1and 5 years after donation. Of these, 11 (55%)
teceived red cell components, cight recipients (40%j received
platelets and one (5%) received fresh frozen plasma.

As of 1 March 2008, 12 recipients are confirmed dead with
. amean age at death of 74 & 15 years. Of these, five died soon
after transfusion (four within a week, and one 2 manths later)
and seven survived for between 1 and 8 years after receiving
their transfusion before dying of a varety of non-CID-
related causes (cerebrovascular accident/stroke; n = 3; acute
myeloid leukaemia, n = 3, general debiIity]old age, n=1).
Seven recipients are not known to be dead from ONS flagging
to date, and are therefore presumed to be alive. The mean age
of these seven recipients is 58 + 19 years. The time efapsed
since their transfusion ranges from 7 to 9 years. The fate of
a further recipient is unknown. None of the sCJD recipients
identified as having received: blood from donors who went
on to develop sCID have appeared on the NCIDSU register
to date.

90

fCID cases with history of blood donation

Donation records were found for three out of five cases of
{CID identified between 1992 and 2000, all reported to have

- donated blood after 1980. These three casés had all donated

labile blood components {one with five recipients, one with
four recipients and one with two recunents] for hospital use
which couEd be traced to mdmdual recipients. A total of 11
rec;ptents were transfused between 1977 and 1992 with
labile components from these three donors who went on to
develop FCID between 1 and 15 years later. Nine of the 11 -
{820%) recipients received red cell components {whole blood.
n = 6, red cells 7 = 3} while two received platelets.

Five of 11 recipients identified have since died with a mean
age at death of 751 6 years. Three of these survived for 3,
10 and-17 years after transfusion before dying of non-CJD-
related causes (cancer, 1 = 2; bronchopneumonia, # = 1); and
two died of cancer shortly after receiving their transfusion.

© 2006 Blackwell Publishing Ltd. Vor Sanguinis (2006) 91, 221-230
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Tabie 4 Product batches made by UK fractionators derived from p[as~ma
donated by individuals who later developcd variant Creutzfeldt-Jakab
disease™ |

{nfectivity Number of

Classiﬁcatiori': Plasma product implicated batches

Low Factor VIl {excipient®) 77
Albumin 20% 21
- i.m. immunoglobulin 12
Medium Albumnin 45% - 28
' iv. immunoglobulin 1
High Factor VI - 16
Factor [X 8
Anti-thrombin -1
ToTAL , BRVZ

“Twenty-three plasma donations from nine variant Crtu.tz_f‘eldt—lakob
. disease donors, data courtesy of Health Pratection Agency.

Excluges fate of two plasma units from two further vCID cases (see text for
. explanation).
. “Risk categories as used in plasma praduct notification exercise.
dAlbumin from implicated plasma donation used as excipient linert
substance added to provide bulk) in preparation of batch of Factor VI

Three recipients are not known to be dead from ONS flagging
to date, and are therefore presumed to be alive. The mean age:
of these three recipients is 44 £ 20 years. The time clapsed
since their transfusion ranges from 13 to 21 years. The fate
of a further three recipients is not known. None of the fCJD

recipients identified as having received blood from donors
who went on to develop fCID have appeared on the NCIDSU
register to date:

vCID cases with history of transfusion

Eleven ¥CJD cases were teported to have received pést blood
transfusions between 1962 and 1999. A further case received
d blood transfusion after anset of illness. This case is
excluded from further analysis. For two cases, hospital
records showed that they had not been transfused. No hos-
pital records could be found for another two cases reported to
have been transfused in 1962 and 1971, respectively. Hospital
transfusion records were found for seven vCID cases (64% of
those reported as transfused) who had been transfused with
components donated by 125 donors {121 identified), with one
vCIDcase, who also received a solid organ transplant, receiv-
ing components from 103 donors. The identity of four donors
who donated red cellfwhole blood components to two cases
(case 2 and casé 7, see Table 5} is unknown. Table 5 shows
the transfusion date, number of donors and blood compon-
enfs donated, and the interval from transfusion to onset of
* clinical symptoms of vCJD in these seven recipients. These
cases had been exposed to between two and 103 donors,

© 2006 Blackwell Publishing Ltd. Vor S&nguim’s {2006) 91, 221-230

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
NCIDSU database as vCID cases. These are the donors of the
two clinical cases of transfusion-transmitted vCID referred
to previously {see vCJD cases with history of donation).

sCID cases with history of transfusion

" Fifty-two cases of sCJD 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 {ransfused to these seven sCJD cases.
One of these donors'is known o 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 thrée donors is not
known. The mean age of the donors presumed stitl alive is
51 % 9 years. None of*the traced donors who gave bload to
pai:ients 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 reporied to have

received three A‘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 ‘vCID’ donor has developed
infection with vCJD, including two clinfcal casés and one
pre- or subclinical infection [7-9). These are three different
donor/recipient.pairs, In view of the small size of the total
at-risk recipient population (n = 66} -and- the' backgroiind -
mortality rate for vCJD in the general UK population (0-24/

" millionfannum), these observations provide strong evidence |

that vCID can be transmitted from peTson to person through
blood transfusion. This finding has had important implica-
tions for public health policy nationally and internationaily.

The risk of developing vCID infection in the surviving
recipient population is mgmﬁcant but cannot be precusely
estimated because of variables includin g the timing of blood
donation in relation to clinical onset in the donor, the influ- .
ence of the codon 129 genotype of donor and recipient and

-the effect of the introduction of leucodepletion in 1999. Fur-

therrnore the currently observed nrumber of infections in the
recxplent population may be an underestlmate as some sur-
viving recipients may yet develop vCJD and there is limited '
available information on the outcome in the cohort of
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Table 5 Donars{n = 125) of labile blood components given to variaat Creutzieldt—Jakob disease cases® (n = 7] with identifiable past hospital transfusien records

Interval from transfusion

Transfusion Number of donors of labite Blood component
Case date biood components transfused donated to vCID recipient to onset of illness
1 1933 a8 - Cryoprecipitate (4) 4 years, 9 months
A : Fresh frozen plasma {11}
Platelets {8)
) Red cells {14)
. Whote blood (1)
1 1983 65 Cryoprecipitate (12} 4 years, 6 months
i : Fresh frozen plasm;\ {25)
Platelets (t7)
4 Red cetis {11} )
2 © 1983 2 Red cells 15 years, 11 months
2 - 1993 k) Fresh frozen plasma 6 years, 3 months
3 . © 1994 Red blood celts 5 years, 4 manths
e 1992 5 Red blood cells {2) 8 months .
. . Red blood cells [Leucocyte-deplctcd] (3] .
g2 BEERRRT:T: I 59 Red blood cells & years, 6 months’
& - 997 1+ Red blood cefls 7 years, 1D months -
7 1982 . 2® Whole titood 13 years, 11 months

*Two of these cases linked to donors already on the Natignat CID Surveillance Unit [MCIDSV) register as vClD cases [7.9].

"Component details traced, but donors not identifiable.

“Timing of clinical iliness excludes blaod transfusion as the source of infection in this case. .
40ne of the dortors already on MCIDSU register as vCID case, others presumed not to be source of infection.
“One denar ziready on NCIDSU register a5 vCID case. Search for 40+ donors to Case 6'nat-complete, as of 1 March 2006.

"deceased recipients; a significant proportion of these indi-
viduals may not have survived long enoughi to express clinical
disease even if infected. The minimum incubation period in
CID transmitted from person to person by a peripheral route
is 4-5 years in kuru and growth-hormone-related CID [10,11)
and only nine deceased recipients survived for longer than

this period. An investigation of the hospital records of the
deceased recipients is underwdy, and to date, none had clinical

features of vCJD pre-mortem, However, the identification of

-, the individual with. ‘preclinical’ vCJD infection was dependent *

on post-mortem examination of peripheral lymphoreticular
tissues, and, to date, no equivalent tissues have been available

in the deceased transfusion recipients. Extrapolating from

the three observed infections in the totat recipient population
is likely to lead to an underestimate of the overall risk of
transfusion transmission of vCID, although the introduction
of leucodepletion in 1999 may have reduced the nsk {0 recip-
ients transfused after this date, .
" A further Important variable in estimating iadividual risk
is the time from blood donation to clinical onset in the donor
.and, although evidence from animal studies in relation to this
issue is conflicting {12-14], it is likely that an extended gap
between blood donation and clinical onset in the donor will
" reduce the risk of transfusion transmission. All tested clinical
cases of vCJD have been methionine homozygotes at codon

92

129 of PRNP, but the individual with ‘pre-clinical’ transfu-
sion transmitted infection was heterozygous at this locus (8],
indicating that individuals with this genatype are susceptible
to secondary infection with vCID. éxcept for the three cases
infected through blood transfusion, the codon 129 genotypes
of the recipient pppulatibn are not known. Although the rel-
ative risk 6f secondary infection in relation to the codon 129
genotype is uncertain, a recent study in a transgenic mouse
model suggests that individuals with all human codon 129
genotypes may be susceptible to secondary infection with
vCJD, with a hierarchy of risk from methionine homozygotes

" 'to heterozygotes to-valine homozygotes {15]. Risk may vary

‘according to genetic background, but it cannot e assumed
_ that some recipients will passess an absolute genetic barrier
to infection. :
The analysus of vCID cases with a history of blood frans-
fusion has identified aver 100 donors to these cases, although
the great majority -were linked to one vCJD case who had
undergone an organ transplant. A risk assessment has sug-
gested that these donors are themselves at significant risk of
developing vCJD and these individuals have been informed
of this risk and have been advized not to act as bload ororgan
donors. To date, none of these individuals have developed
vCJID, with the exception of the two donors linked to the two
clinical cases of vCJD described above.

© 2006 Blackwell Publishing Ltd. Vox Sanguinis (2006} 61, 221-230
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Effectiveness of leucoreduction for removal of infectivity of
transmissible spongiform encephalopathies from blood

Luisa Gregori, Nancy McCombie, Douglas Palmer, Pauf Birch, Samusl O Sowemima-Coker, Antorife Giviivi, Robert G Rafwer

Inr 1999, the UK implemented universal leucoreduction as a precaution against transmission of variant Creutzfeldt-

Jakob disease by transfusion of dormestic blood or red blood cells, We aimed to assess how effectively leucoreduction
. reduced infectivity of transmissible spengiform encephalopathies {TSEs) in bloed: 450 ml. of whole blood collected
and pooled from serapie-infected hamsters was [eucoreduced with a commercial filter. Blood cell concentrations
. wete quantified, and infectivity titres measured. Blood cell recovery and white blood cell removal complied with

- American Association of Blood Banks stindards, Leucofiliration removed 42% (SD 12) of the total TSE infectivity in
endogenously infected biood. Leucoreduction is necessary for the removal of white-cell-issociated TSE infectivity
from blood; however, it is not, by itself, sufﬁcmnt to remove all blood- bomc TSE infectivity.

Transmissible sporigiform encephalopathies (I'SEs) are

" fatal CNS infections that can incubate asymptomatically
for a decade or more in human beings before the
appearance  of clinical disease. People.- in the
asymptomatic phase of variant Creutzfeldt-Jakob disease
(vCJD) appear healthy and donate blood with the same
frequency as any healthy person. Transmission of vCJD
by transf{usion was recently recognised in Great Britain.'

- To reduce the risk of transfusion transmission of such
diseases in human Dbeings, the UK. impleménted
universal leucoreduction of donated bloed in 1999. This
measure was based on the expectation that infectivity
would be associated with white Wood cells.* However,
findings in blood from infected mice and ‘hamsters
suggested otherwise; at least 40% of the infectivity was
plasma-associated, —suggesting that leucoreduction
would not eliminate infectivity (Rohwer laboratory,
unpublished).! Other investigations showed no loss of
infectivity when small amounts of TSE-infected plasma
were passed through scaled-down filters.* Similarly, no
significant removal of abnormal prion protein was
detected when units of human whole blood, spiked with
a microsomal fraction from TSE-infected brain, were
passed through leucoreduction filters from any of the
four major suppliers.” Because of reservations about the
relevanice of these experitnents, none of these findings
aroused concern,

We investigated the effectiveness of leucoreduction in
removal of TSE infectivity from 2 human-sized unit of
pocled hamster blood. To ensure that the 150 hamsters
needed for a 450 'mlL blood pool were at the same
symptomatic stage of disease (wobbling gait and head
bobbing) for each of two separate experiments,
400 weanling golden Syrian hamsters (Harlan, Madison,

www.thelancet.com Val 364 August 7, 2004

W1, USA) were inoculated intracranially with 50 gL of
brain homogenate contzining about -250 infectious
dose,, (ID,,) of hamster-adapted scrapie-strain 263K. A
low dose of infectivity was used to preclude re-isolation
of the inoculum in the blood. This animal protocol was
approved by the University of Maryland Insht‘utlonal
Animal Care and Use Committee. )

We obtained two pools of blood from the hamsters,

"one at 106 days and one at 111 days after inoculation.

Under carbon dioxide anaesthesia, 3-5 mL of blood was
drawn from the right ventricle into 0-5 mL of CP2D
anticoagulant. Cace was taken not to touch any other
tissue. Only perfect bleeds containing 12-5% CP2D with
no visible clots were pooled. -

Two " inline leucofiltration systems from Pall
Corporation (Port Washington, NY, USA) were
evaluated. We selected the Leukotrap WB collection set
for the infectivity study- because filtration and
component separation of hamster blood was fully
compliant with American Association of Elood Banks
(AABB)* spec:ﬁcatxons, and required only two titrations
for interpretation. The Leukotrap RC-PL system

-
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