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Background and Objectives This paper reports the results to 31 May 2015 of an
ongoing UK study to look for additional cases of variant Creutzfeldt-Jakob dis-
ease (vCJD) transmission by blood transfusion, and to seek evidence whether
other subtypes of Creutzfeldt-Jakob disease (CJD) may be transmissible via blood
components.

Materials and Methods All vCJD cases of appropriate age and any sporadic CJD
(sCJD) or familial CJD (fCJD) cases with a history of blood donation or transfu-
sion are notified to the UKBS. Donation records are sought and the usage of all
donations is determined by look back. Death certificates are obtained for all
donors to patients with CJD and recipients of transfused components from
patients with CJD who are deceased.

Results The study identified 29 sCJD blood donors, of 370 reported, with transfu-
sion to 211 recipients. Five of these recipients were reported to have died with or
of dementia, but were not believed to be cases of CJD. The vCID arm found 18
vCJID blood donors who had donated blood which was issued for clinical usage,
of 24 traced donors from 177 UK vCJID cases. To date, 3 cases of vCJD have
occurred in 67 recipients identified in this recipient group, and one recipient had
post-mortem confirmation of abnormal prion protein deposition in the spleen (all
previously reported).

Conclusion The results of the ongoing TMER study show no new cases of trans-
fusion-associated vCJD since 2007 and no evidence of transfusion transmission
of sCID.
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Introduction a number of aetiologies including sporadic, acquired or
familial forms. Despite this apparent heterogeneity, there

Creutzfeldt—Jakob disease (CJD) is an untreatable and
invariably fatal member of a group of neurodegenerative
conditions known as prion diseases or transmissible
spongiform encephalopathies (TSEs). Prion diseases are
recognized in both humans and other mammals and have

Correspondence: Robert G Will, National CID Research & Surveillance
Unit, Western General Hospital, Edinburgh EH4 2XU, UK

E-mail: rgwill@} GRO-C E

*These authors cGRTFIBUTET Eually to this work

310

is a unifying hypothesis linking all prion diseases: the
‘protein hypothesis’ described by Prusiner [1], which pro-
poses that a post-translational change occurs in the nor-
mal prion protein (PrP¢ — cellular) forming the infective
form of the prion protein (PrPS® — Scrapie). PrPSC essen-
tially replicates by catalysing further transformation of
PP frvio PIE™.

The variant form of Creutzfeldt—Jakob disease (vCID) is
the zoonotic form of bovine spongiform encephalopathy, a
prion disease in cattle, which entered the human food

WITN7034034_0001



CJD and blood transfusion 311

chain in the UK between 1980 and 1996. vCID has beeu
transmitted by blood transfusion on three occasions 2], as
well as one non-symptomatic transmission {3}. The most
recent UK primary case of vCID had symptom onset in
2012 and died in 2013, although surveillance to lock for
further cases continues. In coutrast, sporadic Creutzfeldi~
Jakob disease (sCID), the wmost commonly occwring
human subtype, is believed to be a spoutancous illness
with no identified cansative event or exposure. There has
been one epidemiclogical study, which has suggested
blood transfusion may be a risk factor for the development
of sCID [4], but this has not been supported by a similar
study in the UK [5] or through look-back studies |2, 6, 7.
The familial form of CID {fCID) is caused by a mutant
copy of the PRNP gene, encoding a form of endogenous
PrP¢ prone to spontancous conversion to PrPS. fCID is
inherited in an autosomal dominaunf pattemn, but family
history may not be present in some cases due to loss of
contact, non-paternity, variable penetrance, etc.

This study updates the 2006 Transfusion Medicine Epi-
demiology Review {TMER) paper [2] and describes the
results of the UK study on blood fransfusion and the
development of CID, for all CJD subtypes.

Study design and methods

CJID surveillance

The National Creutzfeldt-Jakob Disease Research &t
Surveillance Unit (NCJDRSU) was founded in Edinburgh,
UK, in 1990 to identify all cases of CJD in the UK and to
Iook for evidence of a link between BSE in cattle and CiD
in humans. The methodology of the surveillance process
has been described previously {8] and inchudes referral of
suspected cases to the Unit from clinicians from a number
of professional backgrounds, including neurologists, psy-
chiatrists, other physicians and neuwropathologists. The
referred cases are secun, when possible, by a neurologist
from the Unit, who carries out a detailed iuterview with
the family of the patient and reviews the specialist inves-
tigations. The interview includes details about past medi-
cal history, blood fransfusion aond donation. Cases are
categorized according to WHO diagnostic criteria [9]. The
Transfusion Medicine Epidemiology Review {TMER} was
created in 1997 as a collaboration between the NCIJDRSU
and the UKBS to identify any evidence that CJD was
transmissible via blood transfusioun.

Notification of CID cases with a history of
donation

sCID and fCJD cases with a reported history of blood
donation, including cases where a family may be uncer-
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{ain, are notified to UKBS retrospectively, following the
visit by the NCIDRSU clinician. All vCID cases old
cnough to be a blood donor are notified to UKBS at diag-
uosis irrespective of whether they have a reported history
of blood donation. Following this notification, all com-
puter and auny archived paper records are searched at
blood centres for evidence of the documented donation -
using name, date of birth and address at time of donation
as identihers. If available, information about dates and
places of donation is used to target the search. If donor
records are ideutified, a list is generated of all compo-
nents issued for clinical usage. The outcome for cach
component is determined from hospital transfusion labo-
ratory records, with the names of recipients of these com-
pounents cross-checked against the NCIDRSU database of
known CJD cases and flagged with the Health and Social
Care Imformation Centre (HSCIC, formerly Office of
National Statistics) to collect data from death certificates
regarding cause and date of death.

Notification of CJD cases with a history of
transfusion

Where relatives have lndicated any patient with D,
sCIB or vUID is suspected to have received blood or
blood components, the information collected is passed to
the relevant blood service, which contacts the hospital
transfusion laboratories to confirm, if possible, details of
the transfusion. The transfused components are identified
from records, aud details passed back to the blood centre
for attempted identification of the donors. As above, the
donor details are checked against the NCIDRSU database
and flagged with the HSCIC.

Further information

UKBS and hospital transfusion records prior to 1980 are
extremely limited, making such historical searches fre-
quently unrewarding. For cases where HSCIC data list
potentially relevant diagnoses on the death certificate
fe.g. dementia, Alzheimer's disease} but the individual
concerned has not been seen by the NCIDRSU clinician,
we have sought further information where possible
regarding the nature of this illness, from either general
practitioner or hospital notes.

Results

sCID blood donors

A total of 370 sCJD cases were reported to be blood
donors, with 204 of these believed to have donated after
£980. fn only 23 of 204 cases were these individuals
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traced as blood dounors; blood components from these
donors were fransfused to 211 recipienfs.

Fate of recipients from sCJD blood donors

To date, 143 individuals (67-8%) of the 211 recipients
identified in this study have died, 44 (20-9%} were alive,
and 24 individuals {11-4%) were of unknown status due
relocation of that individual abroad. Of the 143 who had
died, death certificates are available. The underlying
causes of death for all cases are listed in Table 1. Five of
143 had dementia {including Alzheimer’s disecase] listed
on their death certificates but are not thought to repre-
sent cases of (JD. These five cases had mean age at
death of 88 years, apd in each case, dementia was not
listed as the primary cause of death. In one of these five
cases, dementia was counsidered a relevant comorbidity,
rather thau the underlying cause of death oun the certifi-
cate; hence, ouly four dementia deaths are listed in
Table 1. The first case received whole blood donation
about 21 years before becoming symptomatic of demen-
tia; and had a 6 year, slowly progressive illness, dying
26 years transfusion. The donor
became symptomatic of CJD nearly 21 years after the
donation. The second case received red cells {non-leuco-

after receiving the

Table 1 Underlying causes of death in recipients from sCiD donor

Cause of death Number

Canver (non-haematoiogical}
Leukaemia, myeloma, myelndysplasi

4,

myelofibrosis, sideroblastic anaemia
Ischaemic heart disease, other cardiac disease 25
Preumonia 10
Stroke

[

Liver disease

Dementia {including Alzheimer's)
Abdominal aorfic aneurysm

Chronic obstructive pulmonary disease
Cid age

Renai failure

Atherosclerosis {not otherwise specified)
Diverticulosis and bowel angiodysplasia
Haemorrhage

Multiple sclerosis

Peritonitis

Polytrauma

Pulmonary embaolism

Septicaemia

Small bowel obstruction

B S T L R Y

Vasculitis

In one case, Alzheimer's disease was recorded as a co-morkidity.

cyie depleted) 10 mouths prior to death, while the douor
became symptomatic of sCJD almost 4 years after dona-
tion {more than 3 years after the recipient died). The
third case received red cells (non-leacocyte depleted)
8 years before death; the donation occurred 4 % years
before the donor became symptomatic of sCID. The
fourth case reccived fresh frozen plasma 28 months
before death; the donor became symptomatic 5 ¥ years
after donation. The fifth case received red cells (non-leu-
cocyte depleted) 18 years before death; the donor became
symptomatic 15 3% years after donation.

Eighty-eight of 143 {61-5%) sCJD recipients died less
than 1 year after transfusion, 25 {17-5%]} between one
and 5 years after transfusion and 28 (19-6%) more than
5 years after transfusion (range in this group 577~
26-10 years, median 8-97); for two recipients, the transfu-
sion date was unknown.

Of the 44 recipients still alive as of May 2015, all have
survived more than 9 years frow the date of transfusion.
Twenty-two (50%) of these recipients received donatious
from eight donors who donated less than 5 years before
they became symptomatic of sCID  (range 023~
4-92 years, median 2-21). None of these living recipients
have developed sCID and been referred to the NCIDRSU.

vCID blood donors

Of the 177 UK cases of vCID, 167 were old enough to
have been blood donors. In 32 of the 167 cases, family
reported to the NCIDRSU clinician a possible history of
blood donation. A further four cases not reported by the
familics as donors appeared on UK databases, but only
one of these four had donated. In total, 24 had records
with the UKBS, but only 18 of these 24 had dopations
which were subsequently used clinically. Sixty-seven
blood components from these 18 donors were traced to
identified recipients; a further six components known fo
have been issued could not be traced.

Fate of recipients from vCID blood donors

Thirty-foar (50-7%]} of the &7 successfully traced recipi-
cuts died within 5 years of their transfusion — none were
thought to have died from D, but none of these cases
had post-mortem examination to look for PrP® deposi-
tion. Three cases {4-5%} of vCJD have already been
reported from this cohort of 67 [2]; these three developed
vCiD between 6 % and 8 years 4 months after their
transfusion. Five (7-5%] of the 67 died more than 5 years
post-mortem
including examination for PrP™ - only the single case
already reported tested positive [3], with PrP5¢ deposition
in the spleen. A further 11 recipients who died more than

after transfusion and had examination
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5 years after transfusion did not have post-mortem exam-
ination to look for PrP>¢ deposition. To date, 14 of the 67
recipients remain alive. One recipient has moved abroad,
and their fate is currently unkuown while the remaining
13 have now survived more than 10 years after receiving
transfusion from vCID donors. There have been no uew
cases of vCID identified by the NCIDRSU among the
recipients of blood from vCID donors.

fID blood donors

Of the 17 familial{genetic cases reported to have been
donors, four were traced by the UKBS, one with a Di78N
mutation, one with an E200k mwutation and twe with
octapeptide repeat insertion mufations. Fifteen recipients
were traced, and of these eight have died, all of a non-
neurclogical disorder, other than one with a history of
stroke. Four are alive and three could not be identified.
Blood transfusions took place between 1977 and 2002,
and four recipients are alive more than 13 years after the
transfusion. None of the recipients appear on the
NCIBRSU database as CJD cases.

Transfusion history in sCJD recipients

A total of 199 sCJID cases were reported to have received
blood or blood component transfusion, 111 of these after
1980. The records were traced in 23 (20-7%) of these 111
cases, with 214 donors identified. These 23 cases received
their first blood or blood components between 0-3 and
14-2 years before becoming symptormatic of sCID fmean
3-89, median 2-61).

Fate of donors to sCJD transfusion recipients

To date, 205 {95-8%)} of the 214 donors are still alive,
four {1-9%)} have died, and Hve {2-3%) were of unknown
status due to insufficient data (four} or relocation abroad
{one). The surviving donors ranged from 25 to 82 years
of age [median 56). Three of the four deceased donors
died of causes other than dementia {intracerebral tumour,
liver disease and suicide), but for one individual, demen-
tia was listed on the death certificate; this donor died
almost 12 years after the donation, aged 76, and was
thought bikely to have vascular dementia, rather than
CID. The other three donors died aged 54, 59 and
63 years, respectively 4, 10 and 12 Y% years after their
donations.

Transfusion history in vCID recipients

Fifteen of the 177 UK vCJID cases were reported to have
received blood or blood components. Transfusion labora-
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tory records were fraced in 10 of these 15 cases, which
juclude the three cases of transfusion-associated vCID
previously published and listed earlier in this study [2].
One of the 10 recipients had onset of symptoms less than
t year after transfusion and is unlikely to represent possi-
ble trausfusion-associated vCID given the timings of the
three known cases. Four of the 10 received blood compo-
nents from 112 donors; the remaining two recipients
received a total of six blood components, but it was not
passible to identify the donors in these cases.

Fate of donors to vCID transfusion recipients

Six of these donors have died of causes uprelated to CID
{Table 2}, 104 are currently alive, and the fate of two is
not known (one having moved abroad).

Transfusion history in fCID recipients

None of the familial/genetic human prion discase cases
who were reported to have had a history of having
received a blood transfusion were fraced by UKBS.

Biscussion

This study has not identified any new cases of transmis-
sion of vCID by blood transfusion, with only four docu-
mented infections to date, as described in an earlier
TMER publication {u 2006 [2]. The possibility that there
are significant numbers of missed transfusion cases is

judged to be unlikely, not least because the great majority

of vUJD cases have no history of blood transfusion {2,
10}, 1t is surprising that there have been no further trans-
fusion-transmitted cases in view of the estimated preva-
lence of abnormal PrP positivity of 1/2000 in the general
UK population, derived from an anonymized survey of
routine appendix tissue [11]. All ¢linical cases of vCID
with data on genotype have been methiouine homozy-
gotes at codon 129 of the PRNP gene. Analysis of the
codon 129 distribution in the UK population indicates
that 44% are MM homozygotes, with 450 MV heterozy-

Table 2 Cause of death in six donors

Boner Cause of death
1 Hzemorrhage due to abdominal zortic aneurysm
2 Hypertensive heart disease
3 Puimonary Emiboiusfdeep vein thrombosisfischaemic heart
disease
Bronchopneumoniafdisseminated sigmoid colon carcinoma
5 Cempiication of heart valve surgery

Bronchopreumoniafstroke/atrial fiorillation/ischaemic
heart disease
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gotes and 11% VV (valine homozygotes) [12]. It is possi-
ble that individuals who are either heterozygotes or
valine homozygotes may experience a longer presvmp-
tomatic phase before developing clinically evideni vCID
and all codon 129 genotypes were represeuted in the pos-
itive appendix samples in the receni prevalence study.
However, it is 20 years since the onset of symptoms in
the first case of vCID and no definite or probable case of
vCID with a non-MM homozygous genotype has yet been
identified in the UK or internationally.

The codon 129 genotype is known in 19 of the &7
recipients, including the three v(JD cases (MM homozy-
gotes} and the preclinical infection (MV heterozygote).
Four deceased recipients with no evidence of abnormal
PrP in brain or peripheral tissues have been genotyped.
These four individuals had survived for 63-15-9 years
post-transfusion, and the interval from the domation to
the onset of clinical symptoms in the donor was between
2 months and 6-8 years. Two were MV heterozygotes and
two were MM homozygotes. Two further cases without
post-mortent examination were MM homozygotes. Nine
recipients who are currently alive have been genotyped.
Five are MV hetcrozygotes and four are MM homozy-
gotes. One of the MV heterozygote recipients had a tonsil
biopsy, which showed no evidence of abnormal PrP depo-
sition. This recipient received a transfusion from an indi-
vidual from whom earlier donations were implicated in
two of the three known transfusion-transmitted cases,
who were, as previously stated, MM homozygotes. It is of
interest that in three swrviving asymptomatic MM
homozygotes, red cells had been leucodepleted, a policy
introduced in the UK as a vCID risk-reduction measure in
1999. In addition, the fourth surviving asymptomatic MM
homozygote had received cryo-depleted plasma.

The high proportion {50-7%;) of blood transfusion recip-
ients who died within 5 years of transfusion reflects the
comorbidities which led to blood transfusion. Extrapolat-
ing from other acquired prion diseases, kuru and iatro-
genic CID, the minimun incubation periods are at least
45 years [13, 14}, and it is unlikely that this group would
have manifest symptoms of vCJD prior to death, even if
infected. The observed iuterval from transfusion o symp-
tom onset in the identified transfusion cases was 6 %-
8 years, 4 months. It is also likely that there may be vari-
able levels of infectivity in blood from vCJD donors reiat-
ing to the proximity of the time of the donation to
symplom ounset in that individual and early douations
might have a lower level of infectivity, which could be
associated with a longer presymptomatic phase in recipi-
ents.

Recipients of any blood transfusion are now deferred
from themselves domating blood, which preveuts the
potential propagation of a transfusion v{JD epidemic,

which is important if some dowors have a subclinical
infection. It is of note that laboratory transmission studies
using splenic tissue from the subclinically infected vCID
case have copfirmed the presence of infectivity and this
case was a codon 129 heterozygote [15].

In contrast to the vCID group, as yet there have been
no cases of sCJD with definite epidemiological evidence
to support a transfusion link. Evidence of an increased
risk through blood transfusion in sCID with a lag period
of more than 10 years in an [talian study [4] was not
replicated by a similar analysis of UK data [5]. In our
study of sCJD, there has been a total of 1194 patient-
years survival following transfusion from a sCJD donor
with no evidence of transmission via blood transfusion.
The absence of any observed cases supports the hypothe-
sis that blood infectivity, should it be present at all, is
lower in sCID than vCID. This would be compatible with
the extensive PrP> deposition in lymphoreticular tissues
in vCID, which contrasts with sCID where there is com-
paratively much less peripheral PrP™. Nevertheless, ani-
mal studies using transgenic mice overexpressing human
PrPC have suggested there can be infectivity in sCJD
blood [16] and work is ongoing to attempt to use amplifi-
cation techunigues, such as real-time quaking induced
conversion (RT-Qui(), to identify a positive signal in
blood in sCJD. The identification of positive findings in
sCJID blood using highly sensitive technigques may be dif-
ficult to interpret in relation to actual risk, and epidemio-
logical data remain important in assessing risks for public
health.

As in the recipients of blood from the vCID donor
group, early mortality among recipients of blood transfu-
sion is high in the sCJD study aund it is possible that some
of these recipients could be in the presymptomatic phase
of sCID infection at time of death. Post-mortem uptake is
low in the UK population, and, unless explicitly looked
for, changes of early sCID may be missed. The combina-
tion of these factors raises the possibility of as yet unde-
sCID by blood
although this is unlikely given the negative data in this
study and similar findings from other studies {2, 6, 7].
The cumulative data from look-back studies in sCID sug-

tected firansmission of transfusion,

gest that transfusion transmission of sCID is a rare event,
should it occur at all

The data on fCID show no evidence of transfusion
transmission and, although the data are very limited,
there is some evidence of restricted peripheral pathogene-
sis in hereditary forms of human prion disease similar to
sCID.

The study has some limitatiouns. Both the sCJD and
fCJD arms depend on relatives reporting blood transfu-
sion or donation at the time of the NCIDRSU clinician
interview: if the relative was uncertain, or believed a

© 2015 International Seciety of Blood Transtusion
Vox Sanguinis (2016} 110, 310-316

WITN7034034_0005



CJD and blood transfusion 315

patient may have possibly donated blood or received a
transfusion (e.g. intraoperatively), this was still flagged to
the UKBS. Despite this it is likely that some patients with
5CID and fCJD who had either donated blood or received
transfusion were not identified by the cwrent methodol-
ogy. By comparison, all vCID cases of donation age are
flagged to UKBS, reducing potential under-reporting.
Investigation of all sCJD and fCJD cases, whether or not
they have been reported to be blood douors or recipienis,
has been considered, but follow-up of cases is labour
intensive, and investigating these cases regardless of the
transfusion history is unlikely to provide much additional
information.

A furthey limitation is that vo transfusion or donation
records have been identified for some cases. In some
instances, this may be because the possible donors or
recipients as reported by the family had never donated or
received blood, but these cases are in the minority. The
lack of centralized computer vecords, particularly prior to
1980, and the tendency of many hospital trusts to destroy
old, unused, medical records means a large pool of poten-
tially useful data has been lost. This problem is com-
pounded in the non-vCJD group, as these patients tend to
be older and are therefore more likely to have had their
contact with the UKBS prior to the improvement in record
keeping.

The reliance on data derived from death certificates is
also a limitation as the final diagnostic classification of
identified cases relies on the conditions listed on the
death certificate. There have been widely variable esti-
mates of inaccuracy on death certificates. An Office for
National Statistics survey suggested inaccuracy in 22% of
certificates, with under-reporting of common underlying
conditions including heart disease aud cancer [17]. It is
likely that dementia of any cause is also under-reported,
and CJD may not be diagnosed in life, with symptoms
attributed to an alternative cause of dementia. Review of
death certificate data on CID since 1990 at the NCIDRSU
suggests that the sensitivity and specificity of a correet
diagnosis on death certificates is about 80%. I is also
likely that not all UX cases of CJD are referred in life or
identified through death certificates or post-mortern find-
ings.

Despite these caveats, the data presented in this paper
has provided no evidence that cases of sCID have devel-
oped the condition as a result of prior blood tramsfusion.

The unexplained mismatch between the observed data in
vCID and prevalence estimates in the general population
and the recent experimental evidence of infectivity in
sCID blood underline the lmportance of continuing the
epidemiological studies of blood transfusion in all forms
of human prion disease.
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