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Summary. All UK patients with bleeding disorders 
treated with any UK-sourced pooled factor concen-
trates between 1980 and 2001 have been informed 
that they may be at an increased risk of infection 
with variant Creutzfeldt Jakob disease (vCJD). We 
describe a study to detect disease-associated, prote-
ase-resistant prion protein (PrPC') in 17 neurologi-
cally aysmptomatic patients with haemophilia 
considered to be at increased risk of vCJD. Materials 
from 11 autopsy and seven biopsy cases were 
analysed for PrP"s The tissues available from each 
case were variable, ranging from a single biopsy 
sample to a wide range of autopsy tissues. A single 
specimen from the spleen of one autopsy case gave a 
strong positive result on repeated testing for Prl?" 
by Western blot analysis. This tissue came from a 73-
year-old male patient with no history of neurological 

Introduction 

Variant Creutzfeldt—Jakob disease (vCJD) was iden-
tified in the UK in 1996 [1] and subsequently shown 
to he caused by a transmissible agent with identical 
properties to the bovine spongiform encephaloparhy 
(BSE) agent [2,3], most likely as a consequence of 
consumption of BSE-contaminated meat products 
[4]. Variant CJD represents the only known example 
of a human prion disease caused by exposure to an 
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disease, who was heterozygous (methionine/valine) 
at codon 129 in the prion protein gene. He had 
received over 9000 units of factor VIII concentrate 
prepared from plasma pools known to include 
donations from a vCJD-infected donor, and some 
400 000 units not known to include donations from 
vCJD-infected donors. He had also received 14 units 
of red blood cells and had undergone several surgical 
and invasive endoscopic procedures. Estimates of the 
relative risks of exposure through diet, surgery, 
endoscopy, blood transfusion and receipt of UK-
sourced plasma products suggest that by far the most 
likely route of infection in this patient was receipt of 
UK plasma products. 

Keywords: haemophilia, plasma, prion protein, 
spleen, vCJD 

infectious prion agent from a non-human source. It is 
also unique in that the transmissible agent is detect-
able in a much wider tissue distribution than is the 
case for other forms of human prion disease. Both 
infectivity and the protease-resistant form of disease-
associated prion protein (PrP"s) are readily detect-
able in a range of tissues apart from that of the 
central nervous system in vCJD, particularly in 
lymphoid tissues and the peripheral nervous system, 
albeit at lower levels than in the central nervous 
system [5,6]. 

Since 2004, four instances of vCJD infection (three 
clinical cases, one asymptomatic) in the UK have 
been associated with the transfusion of non-leucode-
pleted packed red cells from asymptomatic donors 
who subsequently died from vCJD [7-10]. The 
National Blood Authorities in the UK have taken a 
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number of steps to reduce the likelihood of second-
ary transmission of vCJD by blood components [11]. 
It is known that plasma donations from asymptom-
atic individuals infected with vCJD have also con-
tributed to some batches of pooled clotting factor 
concentrate (termed `vCJD-implicated batches'). The 
potential vCJD infectivity of these batches has been 
estimated by the UK CJD Incidents Panel (CJDIP) 
based on findings from a risk assessment commis-
sioned by the Department of Health (DH) [12], 
together with batch-specific manufacturing data. 
Variant CJD-implicated batches of clotting factor 
concentrates factor VIII (FVIII) and IX were assessed 
to be likely to carry sufficient levels of vCJD infectiv-
ity to warrant the implementation of public health 
measures in recipients to minimize the possible risk of 
onward transmission [12]. A public health notifica-
tion exercise of patients with bleeding disorders was 
conducted in 2004 by the Health Protection Agency 
and Scottish Centre for Infection and Environmental 
Health on behalf of the UK Departments of Health, at 
which time it was considered likely that further 
batches of UK-sourced plasma products would 
become implicated as future cases of vCJD arose 
[13]. Therefore, on the advice of the UK Haemo-
philia Centre Doctors' Organisation (UKHCDO), all 
patients with bleeding disorders who had been treated 
with any UK-sourced pooled factor concentrates 
between 1980 and 2001 were informed that they 
may be at an increased risk of infection with vCJD 
and were required to take measures to prevent the 
possibility of secondary spread of infection. This 
inclusive `population' approach was endorsed by the 
CJDIP, DH and the Haemophilia Society. 

To date, 170 cases of vCJD have been identified in 
the UK, including the three clinical cases in which 
infection is likely to have been transmitted by non-
leucodepleted packed red cells transfused from 
asymptomatic donors who subsequently died from 
vCJD [7,9,10]. The annual incidence and death rate 
for vCJD have both declined in UK over the past few 
years, but the prevalence of vCJD infection in the UK 
remains uncertain. A retrospective study to detect 
disease-associated prion protein in paraffin-embed-
ded sections of tonsil and appendix tissue indicated 
that the prevalence of vCJD infection might be higher 
than the current number of clinical cases recorded 
would suggest, with three positive cases being found 
in 12 674 tissue samples studied, giving an estimated 
prevalence rate of 237 vCJD infections per million in 
the UK population (although with wide confidence 
intervals) [14,15]. Further investigations on a large 
series of tonsil samples found a prevalence of disease-
associated prion protein in tonsils from a 1961-1995 
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combined birth cohort of 0/32 661 with a 95% 
confidence interval of 0-113 per million [16]. In the 
1961-1985 cohort, the prevalence of zero with a 
95% confidence interval of 0-289 per million was 
lower than, but still consistent with, the results of the 
previous survey of tonsil and appendix tissues by 
Hilton et al. [14]. The prevalence of vCJD infection 
in the general UK population could therefore be 
around 1 in 10 000, based on an approximate 
average value between the results of these studies 
[14,16,17]. 

To date, no case of vCJD has been identified in any 
recipient of UK-sourced plasma products. In 2001 
DH commissioned and funded a project to undertake 
active surveillance of UK patients with haemophilia 
for the possibility of vCJD infection. This study 
included the prospective and retrospective analysis of 
lymphoid tissues and brain tissue in biopsy material 
and/or autopsy material for the presence of the PrP"' 
isoform characteristic of vCJD. 

We report the laboratory findings in this study, 
demonstrating for the first time the presence of PrP"` 
in the spleen of a UK adult haemophilic patient who 
at the time of death had no neurological signs or 
symptoms attributable to vCJD. 

Materials and methods 

Collection of tissue samples 

Ethical approval was obtained for the project entitled 
`Surveillance of new variant CJD-UKHCDO' 
(MREC/01/2/11) and the study was administered 
through the UKHCDO. All haemophilic patients 
undergoing surgical procedures involving the central 
nervous system and lymphoid tissue (including tonsil, 
lymph nodes and spleen) were encouraged to partic-
ipate in the study. This applied only to patients who 
were to undergo surgical biopsy or resection of 
relevant tissues for medical reasons and was there-
fore opportunistic. Consent was obtained from 
patients for the analysis of biopsy samples and from 
relatives of the patient for autopsy tissues following 
the death of a patient undergoing either a hospital or 
Coroner's autopsy. 

Cases and tissue specimens 

Material from 11 autopsycases and seven biopsy cases 
from 17 patients had tissue samples submitted to the 
National CJD Surveillance Unit for investigation. One 
patient had biopsy samples submitted on two occa-
sions, and another patient had both biopsy and 
autopsy materials examined. The number of tissues 
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available from each case was variable, ranging from 
single lymphoid tissue samples from living patients to 
a wide range of autopsy tissues (brain, tonsil, spleen, 
lymph node, appendix) in others. The samples were 
analysed in this study by a combination of Western 
blotting, paraffin-embedded tissue (PET) blotting and 
immunohistochemistry for disease-associated, prote-
ase-resistant prion protein (PrP"s) Cases of clinically 
suspected CJD that were given an alternative final 
pathological diagnosis were used as negative controls, 
as they lack Prr' in the brain and peripheral tissues. 
Ethical approval for the acquisition and use of this 
autopsy material for research on transmissible spong-
iform encephalopathies in the National CJD Surveil-
lance Unit brain bank is covered by LREC 2000/4/157 
(JWI). The polymorphic status of codon 129 of the 
prion protein gene (PRNP) of each case was deter-
mined by restriction fragment length polymorphism as 
described previously [18]. 

NaPTA precipitation/ Western blot analysis for PrPms 

Frozen central nervous system (cerebral frontal cor-
tex, cerebellum, spinal cord) and lymphoreticular 
(spleen, tonsil, appendix) tissues (when available) 
from cases in this study and from vCJD and non-CJD 
control patients were homogenized to 10% (w/v) in 
2% sarkosyl/PBS using the FastPrepT"' instrument 
(Anachem, Cambridge, UK) and 500 µL samples of 
this homogenate were analysed by sodium phospho-
tungstic acid precipitation followed by high-sensitivity 
Western blotting (NaPTA/WB), as described previ-
ously [8,19,20]. At least four samples of spleen and 
other lymphoid tissues (when available) were studied. 

Criteria for assigning positives 

Samples of frozen brain (frontal cortex) and spleen 
from non-CJD neurological control patients were 
available for use as negative controls in the Western 
blots in this study. As a positive control in the NaPTA/ 
WB analyses of either central nervous system tissue or 
lymphoreticular tissue, 10% (w/v) vCJD brain 
homogenate (3 µL) was diluted into 500 µL of a 
10% (w/v) homogenate of either brain or spleen tissue 
from a non-CJD control patient. These spiked homo-
genates were then diluted with a further 500 µL of 2% 
sarkosyl/PBS as described in the standard protocol 
used for all the test samples [8]. Samples of tissue from 
haemophilic patients in this study were assessed by 
comparison with positive and negative control 
samples run on the same gel. The following criteria 
were established before interpreting the results: a 
positive result was assigned if at least two bands were 
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observed to co-migrate with the corresponding PrPfes 

bands in the positive control and no bands were seen in 
the lane containing non-CJD control sample, after 
maximum exposure to HyperFilm ECL (GE Health-
care Life Sciences, Buckinghamshire, UK). 

Centrifugal concentration/Western blotting 

A number of samples of tissue homogenate prepared 
in 2% sarkosyl/PBS as described above were re-ana-
lysed using the centrifugal concentration/Western 
blot method described by us previously [6]. 

Densitometric analysis of PrP' levels and glycoform 
ratios 

For densitometric analysis, immunoblot images were 
scanned using a Bio-Rad GS-800 Densitometer and 
images were analysed and processed with QUANTITY 

ONETM software (Bio-Rad, Hertfordshire, UK). Immu-
noblot images were included in the densitometric 
analysis if all three bands (di-, mono- and ungly-
cosylated) were in the linear range. 

lmmunohistochemistry and PET blotting 

Paraffin-embedded tissue blot analysis was carried 
out as described by us previously [211, using a 
modified version of the method of Schulz-Shaeffer et 
al. [22]. Immunohistochemistry for disease-associ-
ated prion protein was performed using a panel of 
four different anti-prion protein antibodies as previ-
ously described [21]. 

Results 

Biochemical analysis 

The high-sensitivity Western blot (NaPTA/WB) anal-
yses were conducted on receipt of tissue and were 
subject to the availability of frozen tissue specimens, 
which varied between patients (Table 1). One sample 
of spleen out of the initial four tested from one of 
these patients gave a very strongly positive signal for 
PrP"s producing a poorly resolved smear, but with 
the highest densities in the region of the immunoblot 
typical for authentic PrPfS. A smaller volume of the 
positive homogenate (50 µL rather than 500 µL) was 
re-analysed by NaPTA/WB in order to obtain better 
resolution of the immunoreactive bands, and a 
positive signal was confirmed according to our 
criteria (Fig. 1). The glycoform ratio of this positive 
sample was consistent with vCJD, showing a pre-
dominance of the diglycosylated form of PrPCS 
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Fable I. Summary of frozen tissue samples analysed by NaPTA/WB for PrP"` 

Case number (PRNP colon 129) Tonsil Spleen Lymph node Appendix Brain Bone marrow Gut 

1 (MV) - - - - 0/9 - -
2 (MV) - 014 013 0/4 0/8 - -
3 (MV) 0/4 0/12 014 - 0/12 - -
4 (MM) - - 014 - 0/8 - -
.S (MM) - - - - 0/8 - -
6 (VV) - 013 - 0/4 0/14 0/4 0/8 
7 (MM) 0/3 013 - 0/3 013 - -
8 (MM) - - - - 0/16 - -
9 (MV) - 1/26 0/2 - 0111 - -
10 (MM) - 014 014 - 018 - - 

Depending on availability a minimum of four samples were tested from the tissue listed above. The results are given as the number of PrP'' 
positive samples as a proportion of the total number of independent samples tested for each tissue specimen. 
A dash (-) indicates that no samples were available for analysis; M, methionine; V, valine; PrP"', protease resistant prion protein; NaPTA/ 
WB, sodium phosphotungstic acid prccipitation/Wcstern blotting. 

The remaining 100 µL aliquot of this homogenate 
was analysed by the centrifugal concentration/Wes-
tern blotting protocol and was again strongly positive 
(data not shown). Densitometry was used to compare 
the total signal (of all three PrPfe' bands) with a 
dilution series of PrPreS samples from vCJD brain run 
in parallel with this and the previous sample. This 
analysis indicated that the level of PrPreS in this spleen 
sample was 3-5% of that found in vCJD brain. 

NaPTA/WB analysis of a further 22 samples taken 
from the available spleen tissue from this case failed 
to show any evidence of PrPr°` (Table 1). Exhaustive 
iminunohistochemical and PET blot analysis of this 
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Fig. 1. Sodium phosphotungstic acid (NapTA) prccipitatiotd 
Western blotting analysis of spleen tissue sample for the presence 
of protease-resistant prion protein (PrP"'). A sample of spleen 
homogenate from case 9 (case sample) corresponding to S mg of 
tissue was analysed alongside spleen samples from a control case 
with non-cmD neurological disease (control) corresponding to 
.SO mg of tissue. One of the latter control samples (+) had been 
spiked with an amount of variant Creutzfeldt-Jakob disease 
(vCJD) brain homogenate, corresponding to 300 mg of tissue, 
prior to NaPTA precipitation. Standard vCJD brain Prl,  cor-
responding to 100 jag of brain tissue, analysed without prior 
NaPTA precipitation, was run in the lane marked `vCJD stan-
dard'. The molecular weight markers (in kDa) are shown in the 
leftmost lane. 
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tissue was similarly negative and NaPTA/WB, immu-
nohistochemistry and PET blotting all failed to detect 
the presence of PrPreS in lymph node, frontal cortex 
or cerebellum in this case (Table 1). All other tissues 
from the remaining cases were negative by each of 
the methods used. 

To make a more quantitative assessment of the 
glycoform ratio in the positive specimen, we again 
used densitometry. The glycoform ratio of the spec-
imen positive by NaPTA/WB mapped close to, but at 
the extreme diglycosylated side of the area defined by 
Western blot analysis of vCJD brain tissue, including 
vCJD brain tissue ̀ spiked' into negative control spleen 
and analysed by NaPTA/WB (Fig. 2). The glycoform 
ratio of this positive specimen was also more predom-
inantly diglycosylated than the samples of vCJD 
spleen PrPr" used as positive controls in this study. 

Genetic analysis 

The results of the PRNP codon 129 analysis on each 
of the eight cases studied are included in Table 1. 
The case containing PrPr`'` in the spleen was hetero-
zygous (methionine/valine) at this codon. 

Immunohistochemistry and PET blotting 

Immunohistochemistry and PET blot analysis on all 
the PET blocks in this study were negative in all 
cases, including the case in which PrPfes was detected 
biochemically in the spleen. 

Case history 

The clinical history of the haemophilic patient in 
whom PrPr" was detected in the spleen was reviewed 
in detail as follows: 
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Fig. 2. Scattergram analysis of percentage diglycosylated and 
percentage monoglycosylated isoforms found in individual cases of 
variant Creurcfeldt—Jakob disease (vCJD). The glycoform ratio of 
protease-resistant prion protein (PrP"') following sodium phos-
photungstic acid (NaPTA) precipitation in the positive spleen 
sample from the Haem UK study case 9 (light blue diamond) is 
compared with vCJD brain PrP"' without NaPTA precipitation 
(dark blue diamonds), vCJD brain PrP ' diluted in non-CJD 
neurological control spleen homogenate with NaPTA precipitation 
(red squares), endogenous vCJD spleen PrP' with NaPTA pre-
cipitation (yellow triangles). The glycoform ratio of spleen from a 
single case of preclinical vCJD infection following blood transfu-
sion in an asymptomatic PRNP codon 129 MV individual (green 
square) is also shown, 

The patient had severe haemophilia A (FVIII 
<1%). He was one of 10 children and all six of his 
affected brothers had died at an early age. He never 
developed antibodies to FVIII. He suffered from 
severe haemophilic arthropathy and despite multiple 
orthopaedic surgical procedures was wheelchair-
bound by the age of 36 years. He also suffered from 
recurrent gastrointestinal (GI) bleeding and at the 
age of 39 sustained an intracerebral haemorrhage. 
He had multiple exposures to UK-sourced plasma-
derived FVIII receiving 754 `500-unit' vials between 
1980 and 2001 (approximately 400 000 units as the 
vials were overfilled). When tests became available, 
he was found have both antibodies to hepatitis C and 
to have the virus detectable in his blood. However, 
his liver function tests remained normal and he did 
not develop any clinical signs of liver disease. He was 
treated with two vCJD-implicated FVIII 8Y batches 
in 1994 (Batch FHC 4237, 1000 units) and 1996 
(Batch FHB 4547, 8025 units), the latter given over a 
3-day period for a bleed into the right hip joint. Both 
batches included a donation from a single donor who 
subsequently died from vCJD in 1997. 

It is also recorded that the patient had been 
transfused with red blood cells in 1998 (3 units), in 
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1999 (5 units), in 2003 (3 units) and in 2007 
(3 units). The red cell transfusion in 1998 was 
unlikely to have been leucodepleted, but the remain-
ing transfusions were likely to have been leucode-
pleted. Apart from the earlier orthopaedic 
procedures, the patient had undergone multiple 
lower GI endoscopic procedures from 1980 to 
2007, with polyp resections on five occasions 
between 2003 and 2007; an upper GI endoscopy 
without biopsy was performed in 1999. 

At the age of 73, he was admitted to hospital in 
2008 with chest pain, having fallen out of bed 2 days 
previously. On examination, he was noted to be in 

pain with a blood pressure of 135180 mmHg with a 
heart rate of 95/min. He was fully conscious (Glas-
gow coma scale score 15/15) and showed no 
evidence of cognitive impairment or any other 
neurological abnormalities. A 5- to 6-cm haematoma 
was noted over the posterior aspect of the left side of 
his chest. Two days later, he deteriorated suddenly 
with a loss of consciousness and development of 
hypotension. He was suspected to have sustained an 
intracranial haemorrhage and died the following 
morning. An autopsy was performed under HM 
Coroner's instructions, which found a thrombosed 
fusiform aneurysm of the left iliac artery with 
extension of thrombus into the lower aorta. The 
elbow and knee joints were swollen with evidence of 
previous surgery to the left knee and multiple 
cutaneous bruises were present over the left upper 
limb and left side of the trunk. 

Examination of the brain revealed a cavitated old 
haemorrhagic infarct in the right frontal lobe, but no 
evidence of recent haemorrhage was noted and no 
histological evidence of a spongiform encephalopa-
thy was identified. The heart, spleen, lymph nodes 
and appendix all appeared normal and showed no 
evidence of accumulation of abnormal prion protein 
on immunohistochemistry. The liver showed evi-
dence of a prominent mononuclear inflammatory cell 
infiltrate in the portal tracts with centrilobular 
microvacuolation and steatosis, in keeping with the 
history of hepatitis C infection. Sections of the iliac 
artery aneurysm showed the features of a longstand-
ing aneurysm with a patchy infiltrate of chronic 
inflammatory cells in part of the wall. There was also 
evidence of both previous and fresh haemorrhage 
into the thrombus within the aneurysm, with foci of 
acute haemorrhage that were contiguous with foci of 
haemorrhage into the adjacent vessel wall. The most 
likely interpretation of these findings is that the 
patient's fall caused bleeding into the wall of the 
large left iliac artery aneurysm and accumulation of 
this haemorrhage resulted in occlusion of the vessel 
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with rapid propagation of blood clot upwards into 
the aorta resulting in hypotension, loss of conscious-
ness and death. 

Following the autopsy and with appropriate con-
sent, frozen tissue samples from the brain, spleen and 
lymph node were submitted to the National CJD 
Surveillance Unit, along with fixed samples from the 
heart, liver, spleen, lymph node and appendix and 
iliac artery aneurysm. 

Discussion 

We describe the pathological analysis of tissues from 
a group of 17 UK patients with haemophilia consid-
ered to be at increased risk of vCJD through 
exposure to UK-sourced plasma products during 
the period between 1980 and 2001. Eleven out of 17 
patients had died, of whom six patients had previ-
ously recorded treatment with vCJD-implicated 
batches, including one patient who had received 
treatment with an implicated batch made from the 
same plasma pool as batch FHB 4547 (received by 
the index case). Another patient (not included in this 
study), who is still alive, has received treatment with 
two vCJD-implicated batches, one of which con-
tained plasma from the donor of implicated batches 
FHC 4237 and FHB 4547. None of the patients in 
this study showed any evidence of a neurological 
disease consistent with vCJD. Immunohistochemistry 
and PET blot analysis for the abnormal form of the 
priors protein was consistently negative in all central 
and peripheral tissues examined. A single specimen 
from the spleen of one of these patients did, however, 
give a strong positive result on repeated testing for 
PrP"' by Western blot analysis. The positive result 
had all of the expected characteristics of a true 
positive result in terms of the electrophoretic mobil-
ity, abundance and glycoform ratio of vCJD PrP"', 
and more specifically that of vCJD lymphoreticular 
tissue [6,8]; however, exhaustive re-sampling of 
other regions of the residual spleen tissue failed to 
identify any similar findings. Immunohistochemistry 
and PET blotting of the spleen from this case were 
also negative for abnormal PrP. 

We therefore investigated the possibility that the 
positive results derived from an unexplained mis-
identification or contamination of samples in the 
laboratory. Meticulous review of the audit trail for 
specimen receipt, storage, sampling and analysis of 
this case found no opportunity for specimen mis-
identification, substitution or cross-contamination. 
Additionally, the glycoform ratio in the positive 
spleen sample clearly rules out sample contamination 
with vCJD brain, as both the abundance and 
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glycoform ratio are consistent with those expected 
from a vCJD lymphoreticular tissue [6,8]. We 
therefore conclude that the spleen of this case had a 
highly discrete positive region with readily detectable 
levels of PrP', having a glycoform pattern typical of 
vCJD. In a previous report, we described the detec-
tion of PrP"S  in the spleen of another asymptomatic 
UK patient (who did not have haemophilia), who 
5 years prior to death had received a transfusion 
of packed red cells from a donor who subsequently 
died from vCJD [8]. In this case, the levels of PrP"' 
in the spleen were highly variable, with only one 
of the eight regions tested giving a similar result 
to the index case described above. Another five 
regions sampled gave a weak PrP"' signal, while the 
remaining two regions sampled were negative. The 
earlier patient was also a heterozygote (methionine/ 
valine) at codon 129 in the PRNP gene. However, 
immunohistochemistry in that case showed positive 
staining for abnormal prion protein in occasional 
follicles in the spleen, unlike the current case. 

These observations together suggest that the 
distribution of Prp,e, in the spleen of asymptomatic 
patients is highly variable and that multiple samples 
need to be analysed to ensure (as in our current case) 
that false negative results are avoided. Immune-
blotting for PrPfS is more sensitive than immuno-
histochemistry and PET blot analysis, so it is not 
surprising that the immunohistochemical and PET 
blot findings in the current case were negative, 
although it should be noted that the amount of fixed 
tissue available for immunohistochemistry and PET 
blot analysis was smaller in quantity than the frozen 
spleen tissue for biochemical analysis. It is also 
conceivable that the distribution of PrP"s in the 
spleen may be influenced by the PRNP codon 129 
polymorphism, as the distribution of PrP"S  in lym-
phoid tissue of scrapie-affected sheep is variable 
between different PRNP genotypes [23]. 

The detection of PrP"' in the spleen of this patient 
with haemophilia, who had no evidence of any 
neurological disease (including vCJD) in life, requires 
careful interpretation. There are four known possible 
routes of exposure to vCJD infection that may have 
resulted in this finding, namely via the food chain, 
transfusion with donor red cells, surgical and inva-
sive endoscopic procedures, and finally via treatment 
with UK-produced FVIII, including two vCJD-impli-
cated batches. 

Dietary acquisition of vCJD infection is considered 
unlikely in this individual, who was aged 73 when 
he died, based on the observed incidence of vCJD in 
this age group. None of the 14 blood donors to this 
patient has developed vCJD, but there remains the 
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possibility that this group of donors could include 
asymptomatic carriers of vCJD infection. The inves-
tigation of patients who have also undergone endos-
copy with the endoscope used on this patient has 
found no clinical cases of vCJD to date. 

This patient's only proven link to a vCJD source is 
the receipt of two separate batches of FVIII, which 
contained plasma from a donor who subsequently 
developed vCJD 4.5 years after the first donation. As 
part of the 2004 notification exercise, the recipients 
of 98% of these batches have been identified and to 
date there have been no reports of neurological 
diseases (including vCJD) in this haemophilia cohort. 
FVIII made from another vCJD-implicated batch 
from the same donor was received by one of the 
other haemophilic patients included as an autopsy 
case in this study, in whom no evidence of PrPT`s was 
identified in the brain, spleen, tonsil or lymph node. 
The interval between treatment and death in that 
patient was 3 years shorter than that in the patient 
with PrPf0' detected in the spleen in this study. The 
vCJD donor had also made earlier blood donations; 
the Transfusion Medicine Epidemiology Review 
records one surviving recipient of non-leucodepleted 
red cells who is well [24]. Furthermore, there have 
been no reports of neurological events in patients 
with bleeding disorders who have received other 
batches of clotting factor concentrates linked to this 
donor. 

Estimates of the relative levels of risk to which 
this individual was exposed, through diet, surgery/ 
endoscopy, blood transfusion and receipt of plasma 
products, suggest that by far the most likely route 
through which this individual was infected is 
through receipt of UK-sourced plasma products 
[25] (Table 2). It is known that the individual 

concerned was exposed to some 9000 units of FVIII 
prepared from plasma pools that included donations 
from a donor who went on to develop vCJD and was 
presumed to have been infected at the time of 
donation. There is no chromatographic step in 
the production of FVIII 8Y, which may reduce the 
clearance of any potential prion contamination. 
However, as the plasma products concerned were 
produced from very large pools of donors (c. 
20 000), and because this individual received many 
units from batches not known to be implicated (c. 
400 000), it is highly likely that this individual was 
also exposed to infectivity in presently unimplicated 
batches. 

While there is clear evidence of the transmission 
of vCJD infectivity by non-leucodepleted packed red 
cell transfusion in humans [7-10], and transmission 
of scrapie and BSE by whole blood and buffy coat 
transfusion in sheep [26], uncertainty remains about 
the risk of transmission of vCJD by UK-sourced 
plasma. Because of this uncertainty, precautionary 
public health measures to prevent onward trans-
mission of vCJD were introduced in 2004 for 
patients with bleeding disorders who had been 
treated with UK plasma-sourced products between 
1980 and 2001. The current situation, with its 
accompanying uncertainties for the future, causes 
ongoing concern for these patients and their 
families. 

Conclusion 

We believe that the findings in this case indicate 
vCJD infection in the spleen of this UK haemophilic 
patient, albeit in a very restricted distribution that 
may relate to the small dose of infectivity likely to 

Table 2. Summary of haemophilia risk calculations assuming a population prevalence of one in 10 000 

Route Estimated risk Assumptions 

Diet 1 in 10 000' Background risk 
Blood [12,28] 7-14 in 10 000 Assuming transmission probability is 

between 0.5 and 1 
Endoscopy with 1-6 in 10 000 Reduced risk based on a general surgical model 
biopsy [25,29] (set of 20 instruments) by a factor of 10 

(1 small biopsy head) 
Implicated plasma 0.2-0.6 ID50s implies Linear dose response; the possibility of 
products [12,251 risk of 1000-3000 in 10 000 unidentified vCJD-infected donors to the 

plasma pools is also taken into account 
Non-implicated plasma >2 ID50s implies c. 400 000 units of factor Vlll, to which 
products [12,25] infection very likely unidentified vCJD-infected donors may have 

contributed 

vCJD, variant Creutzfeldt Jakob disease. 
*The assumed prevalence of vCJD infection in the general UK population is one in 10 000, based on an approximate average value 
between the results of the study by Hilton et at. [141 and the more recent National Tonsil Archive Study [16,17]. 
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have been present in the UK plasma products used in 
treatment, and perhaps also to the heterozygous 
PRNP codon 129 genotype in this patient. Contin-
uing surveillance for vCJD infection, both symptom-
atic (passive) and asymptomatic (active), is required 
to help clarify the degree of overall risk in this group 
of patients from treatment with UK-sourced plasma 
products. The findings also have implications for 
laboratory methodology in the proposed autopsy-
based prevalence study of vCJD infection in the UK 
[271. 
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