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The risk of iatrogenic Creutzfeldt-Jakob disease
through medical and surgical procedures
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There have been more than 400 patients who contracted
Crenizfeldt-Takob disease (CID) via a medical procednre,
that is, thromgh the usc of neurosurgical instmments,
infracerchral electroencephalegraphic elecirodes (EEG),

" human pituitary hormone, dura mafer grafis, corneal frans-

plant, and blood transfusion, The number of new patients
with iatrogenic CYD has decreased; however, cases of

variant CJD that was fransmifted via blood fransfusion

have been reporied since 2004. Clearly, iatrogenic fransmis-
sion of CID remains a serious pxoblem,Reéenl]y, we inves-
tigated medical procedures (any surgery, neurosurgery,
ophthalmic surpery, and bloed transfusion) performed on
patients registered by the CTD Surveillance Committee in
Japan doring a xecént 9-year period. In a case-control! study
comprising 753 sporadie CYD (sCJ¥D) patienfs and 210

control subjects, we found na evidence that prion disease

was transmitted via (he investigated medical procedures
before ouset of sCID. In a review of previously reported
case-control studies, blgod framsfusion was never shown
to be a siguificant risk factor for CID; our study yielded
‘the same result. Soine case-conirol studies reported that
surgery was a significant risk factor for sCID, However,
when surgical procedures were categorized hy type of
sargery, the resulls were conflicting, which suggests that
there is Little possihility of prion transmission via surgical
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procedures. In our study, 4.5% ofsCID ];atients underwent
surgery after onset of sCID, including nenrosargeries in

" 0.8% and ophthalmic surgeries in 1.9%. The fact that some

patients underwent surgery, including neurosurgery, cven
after the onsct of sCID) indicates that we cannot exclude
the possibility. of prion. transmission via medical proce-
dures. We must remain vigilant against prion diseases to
reduce the risk of jafrogenesis.

Key words: blood transfusion, Creutefeldt-Takob disease,
medical procedure, neurosurgery, ophthalmic surgery,
prion, surgery.

INTRODUCTION

Prion diseases such as Creutzfeldt-Jakob disease (CTD) are

characterized by spongiform change and abnormal prion
protein deposition in the brain, and are transmissible under
certain conditions. Human prion discase is divided into-
three categories: penetic prion diseases resulting from-
mutations of the prion protein (FrF} gene, acquired prion
diseases contracted due to prion transmission via exposure

' to contaminated materials, and sporadic CJD (sCTD)

with no PrP mutation or evidence of exposure to prions.
Acquired prion diseases incude kuru in Papua New
Guinea,'? varfant CJD (vCID) that may be transmitted to
humans from cows with bovine spongiform encephalopa-
thy (BSE),® and latrogenic CJD transmitted via medical
procedures.*® To dale, iatrogenic CID has been reported
in more than 400 patients, who were exposed to prion
transmission via contaminated neurosurgical instruments,
infracerebral electroencephalographic eléctrodes, human
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pituifary hormone, cormeal transplant, or dura mater
prafts® The incidence of iatrogenic CID has greatly
decreased,? but a new type of iatrogenic CID “vCID trans-
mitted via blood transfusion” was reported in 20045
Some case-control studies reported that medical proce-
dures were possible sk facfors for sporadic CID
(sCID)."Y However, other studies found no significant
assoclation between medical procedures and sCID.*Y
Therefore, the risk posed by such procedures is unclear.
Recently, we analyzed medical procedures (any surgery,
neurosurgery, ophthalmic surgery, and blood transfusion)
in patients registered by the CID Surveillance Commitice
in Japan over a recent 9-year period to determine if there is
an association between medical procedures and sCJD.®

Here, we review reports on iatrogenic CID, and the resuits .

of our and other studies, to determine if there is an asso-
ciation between medical procedures and sCID.

IATROGENIC CREUTZFELDT-JAKOB
DISEASE

" Dura mater graft-associated CTD

Since the first report of dura mater graft-associated CID

- {(dCID) in 1987,""* 196 cases have been identified world-

wide,” and more than 50% of dCID cases have occurred in
Japan® At this writing, the number of patients with dCJD
in Japan has reached 132.2 The mean age at onset of the
132 patients with dCID was 35 years (range: 15-80 years),
and the mean incubation period (ducation from receipt
of dura mater to onset of CID}) was 11.8 years {range:
12-24.8 years).? All the 132 patients had received dura
mater graflts between 1978 and 1993.% Two-thirds of dCTD

" patients display subacute progression of neurologic mani-

festations that are almost identical to those of classic sCTD:;
however, the other one-third of dCID patients present

- with atypical clinicopathologic features: relatively slow

progression of neurologic manifestations, scatcity of peri-

- odic sharp-wave complexes (PSWCs) on electrocncepha-

lography (EEG), and the pathological presence of amyloid
plagues immunoreactive for PrE2?

- CJD transmitted via corneal fransplant

In 1974, a 56-year-old woman who died of autopsy-
confirmed CJD after an 8-monthillness was reported in the
United States. She had received a corneal graft 18 months
before disease onset from a donor with autopsy-confirmed

" CYDX This case was the first reported case of iatrogenic

CID.In 1997, a 45-year-old woman who developed CJD 30

years after corneal transplant from a donor with autopsy- -
- confimed CJD was reported in Germany® In addition to
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these cases, eight CYD patients with a history of corneal
transplantation have been reported; however, the CID
status of their donors was not confirmed.®

CJID related to treatment with huruan growth
hormone and gonadotoropin

The ocowrrence of autopsy-confirmed CID in three young
adults in 1985, all of whom had been treated with cadaveric
pituitary-derived human growth hormone (hGH), sug-
gested the possibility of iatrogenic transrnission of CTD.22°
Since these reperts, more than 190 patients with hGH-
related CJD have been reporied worldwide.? France has
the highest number of such patients, at more than 100. No
patients have been reported in Asiz.’ A number of Factors,
such as the method of chromatography purification in
the hormone production process, may contribute to these
regional differences? Interestingly, the incubation period
of hGH-related CID was shorter in patients that were
homozygous for codon 129 polymorphisms ({methionine
[M]fvaline [V]) of the PrP gene, as compared to heterozy-
gotes, which confirms the findings of a previous report
indicating that MM homozygosity at coden 129 of PrP
gene is a significant risk factor for sCID® In addition,
four patients with CJD who had undergone -hormone
therapy with cadaveric pituitary-derived gonadotropin
were reported in Australia’ '

CID transmitted via surgical instruments and
stereotactic EEG needles

In 1977, two patients who had developed CID 15 and 18
months after stereotactic electroencephalographic cxplo-
ration wsing silver clectrodes that had been previously
implanted on a patient with proven CID were reported in
Switzerland.* The electrodes had been sterilized with 70%
alcohol and formaldehyde vapor, but ane of the electrodes
subscquently transmitted spongiform encephalopathy to a
chimpanzee 18 months after implantation in the cerebral
cortex.” Furthermore, in a review of a report in 19602 two
patieats with CJD possibly transmitted via neurosurgicat
instroments were identified ** Theré has been no case of
CID transmitted via surgical instruments or stereotactic
EEG ncedles since the 1980s.

vCID transmitted by blaod transfusion.

In 2004, the first case of human-ta-human secondary trans-
mission of vCID via blood transfusion was reported in the
UK® This patient had received a transfusion of non-
leucodepleted red blood cells that had originated from a

" donor who developed clinical vCID 3 years and 4 months

after donation.® Two additional patients with vCID trans-
mitted via blood transfusion have been identified.® All

. © 2009 Japanese Society of Neuropathology
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Tablel Medical pracedure-related risk for sporadic Creutzfe]dt-Jakob disease (sCJD) divided inta three categories according to age at
disease onset in patients monitored by the CID Surveillance Committee, Japan®™®

Age n Any surgery Neuwrosurgery Ophthalmic surgery:  Other surgeryt Blood transfusion

All sCID 753 494% 33% 5.6% . 443% 10.4%
Control 210 495% 6.2% 32% 424% 9.5%

31-50 sCID 32 50.0% 6.3% 63% T 40.6% 31%
Control 37 45.9% 10.8% 27% 378% 5.4%
Qdds ratio 1.66 038 215 0.78 0.64 .
95% CI 0.04-74.0% 0.02-6.64 0.05-101.51 0.02-33.39 0.05-9.09
P 019 0.50 0.70 050 0.74

51-10 sCID 414 A37% 1.7% 22% 41.8% 9.4%
Control 97 46.4% 52% 31% - 40.2% 113%
Odds ratio 0.18 .69 7 557 0.84
95% CI 0.02-1.73 Q13-3.62 0243038 0.62-50.05 040-1.77
P 0.14 0.56 042 0.13 0.64

71— sCQID 317 570% 32% 10.1% 492% 124%
Coutrol 60 65.0% 6.7% 10.0% 567% ' 11.7%
QOdds matio 0.81 076 115 0383 1.27
95% CI 0.15-437 Q.15-3.80 038-3.48 0.17-4.02 0.52-3.10
P 0.80 074 0.81 0.82 0.60

t Other surgery: Surgery other than nevrosurgery or ophthalmic surgery. 95% CT, 95% confidence interval.

three of these patients had MM at codon 129 of the PrP
gene, as did all other previous vCID patients. However, a
fourth patient with asymptomatic infection after blood
transfusion ‘and MV at codon 129 was reported in 2004.%
This patient died of a non-neurotogical disorder 5 years

. after receiving a blood transfusion from a donor who sub-

sequently developed vCID? Protease-resistant PrP was
detected by Western blot, paraffin-embedded tissue blot,
and immunohistochemistry in tissue from the spleen, but
not in brain tissue® This case was the first indication that
individuals with codon 129 polymorphisms other than MM
could be infected by the vCID agent. .

Fl

THE RISK OF sCIJD TRANSMISSION VIA
MEDICAL PROCEDURES

The association betiveen sCYD and medical
procedures before disease onset

To determine if an association exists between madical pro-
cedures and sCID, we investipated medjcal procedures
(any surgery, neurosucgery, ophthalmic surpery, and blood
transfusion) in patients registered by the CFD Surveiilance
Committee in Japan over a recent 9-year period.”® We con-
ducted an age-siratified case-control study with 753 sCID
patients and 210 control subjects. We also investigated
sCID patients who underwent neurosurgery or ophthalmic
surgery at a hospital where other patients with any type of
prion disease had undergone neurosurgery or ophthalmic
surgery.”® In our case-control study, the casés were patients
with definite or probable sCID, and patients with “prion
diseases definitely denied” and “prion diseases probably
denied” as the controls.!® The frequencies of medical pro-
cedures before disease onset in cases and controls are

© 2009 Japanese Socicty of Neuropathology

shown in Table 1. Among both eases and controls, approxi-
mately 50% had a history of surgery, and approximately
10% had received a blood transfusion. There was no sig-
nificant difference between cases and controls in the fre-
quencies of any surgery, neurosurpery, ophthalmic surgery,
other surgery or blood transfusion (Tazble 1). On logistic
regression analysis, there was no significant risk associated
with any investigated medical procedure (Table 1).
Although the control group was relatively small, there was
no evidence that prion disease was transmitted via medical
pracedures before onset of SCID in this study.

The results of 11 case-control studies and a meta-
analysis investigating the history of medical procedures
as a risk factor for sCIJD are shown in Table 2, In these
studies, blood transfusion was never shown to be a signifi-
cant risk for developing CID, which conforms with our
results (Table 2).-1>1%48 However, the association between
surgical procedures and the development of CJD has been
coniroversial {Tabie 2).® OQur results, which indicated that
surgery was not 4 significant risk for sCTD, were consistent
with those of two previous case-control studies with larpe
sample sizes'®® and a meta-analysis that included three
case-confrol studies (Table 2),** In studies that claimed
to reveal an association,”™ the results were conflicting
when surgical procedures were categorized by type of
surgery. With respect to neurosurgerics, one case-control
study observed a significant 1isk for sCID;® however,
other studies indicated that there was no significant risk,
when cadaveric dura mater grafts were excluded.™¥#
Ophthalmic surgery was reported to be a significant risk
for sCID in a case-control study from Australia,’ but not
in other studies™"% In a recent study in the UK,2 an
increase -in risk assoclated with having had surgery was
observed. This association was mainly noted in the cat-
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Table2Z Review of case-control studies and a meta-analysis of medical procedure-related risk for sporadic Creutzfeldt-Jakob disease

(sCID)
Year’ Case Control Country Medical procedures associated with sCTD
Kondo & Kuroiwa’ 1982 6o 56  Japan Surgery within 5 years before onset of discase
Davanipour, ef aL® 1985 26 40 UsA " Injury to, or surgery for the head, face, or neck
. Suture '
Oculer tonometry
Cotlins, ¢f aL.? 1999 241 784  Australia * Surgery

Surgeries for heart, hemorrhoids, gallbladder, hemia,
cataract/cye, varicose veins, carpal tunnel and

hystesectomy
Nakamura, ef 2™ 2000 52 102 Japan Surgery with cadaveric dura mater
Ward, & al.™t 2002 326 326  France, Germany, Surgery
Netherlands, UK Gynecologic surgery and other surgery (any surgery
other than neurologic, eye, ear, gallbladder,
gastrointestinal, gynecologic operations, tonsilectomy
and appendectomy)
Ward, er al ® 2008 431 454 UK Surgery .
. ) ) Other surgery
Mahillo-Fernandez, 2008 167 305¢  Swedenm, Denmark Major surgical procedures conducted 20 or more years
etal® . before onset of sCID
Harrics-Jones, et 1988 92 184 UK None .
van Duijn, et al."® 1998 405 4105 Belgium, France, Germany, Noage
Italy, Netherlands, UK :
Zerr, ef al.'s 2000 405 405 Belgium, France, Germany, None
Haly, Netherlands, UK
Wicntjens, et al.? 1996 178 332 Japan, USA,UK None
(metla-analysis) ]
urst* . 2009 753 210  Jepan None

egory of “other surgery,” for example, stitches to skin, and
the association largely disappeared when “other surgery”
was excluded from the analysis. These results suppest that
although the possibility of prion transmission via surgical
procedures is slight, we cannot entirely exclude this
because of the existence of iatrogenic CID. A recent study
reported that methodological differences might partially
explain the conflicting resulls regarding the association
betwesn surgery and CIJD.® In particular, it is important
to consider where the control participants are recruited
{hospital or community) and how information on them is
obtained {from participants or proxy informants).® Such
methodological inconsistencies are serious limitations of
case-confrol studies.

In our study,' ive patien(s with sCID had a history of
newrosurgery or ophthalmic surgery at hospitals where
neurosurgery or ophthalmic surpery had been performed
on patients who lafer developed prion diseases; however,
the interval between surgeries at the same hospitals was
always more than 3 years.® According to the Incident

"Panel in the UK, most instruments that have gone through -

10 cycles of use and decontamination are unlikely to pose
a significant risk.” We assume that all instruments had
indeed gone through more than 10 cycles of use during the
3-year.interval and that they were not inféctive, Therefore,
it is unlikely ¢hat ap 'infectious agent was transmitted via
these surgeries. In Japan, a large number of dCTD patients
have been identificd, but there have been no cases of other

© . 145

types of iatrogenic CID. This study confirms that there’
were no cases of surgical transmission among patients diag-
nosed with sCID.

Surgical procedures after onset of SCID

Surgical procedurcs after onset of sCID might result in
secondary transmission of the disease through the use of
contaminated instruments. In particular, neurosurgery is
calegorized as a high-risk procedure, and ophthalmic and
olfactory surgery as medium-risk procedures, for transmis-
sion of the infectious agent for sCID, according to the
guidefines of the CID Incident Panel in the UK.” We
found that 34 (4.5%) sCJD patients had undergone some
type of surpery before receiving a diagnosis of prion
disease, and that six (0.8%) had undergone neurosurgery

“and 14 {1.8%) had uedergone ophthalmic surgery
- (Table 3).”® The six cases that underwent neurosurgery

did so within 3 months after sCID onset: the procedures.
were performed for subdural hemnatoma { = 3), aneurysm’
{n =2), and meningioma (n = 1} (Table 3)."*

Our findings suggest that a delayed diagnosis of sCID
may be linked to an increase in the risk of secondary trans-
mission of prion diseases via surgical instruments. Among
the neurosurgery cases, the symptoms of sCID were mis-
diagnosed as those of other neurological diseases, and
the surgeries were performed near disease onset. In
ophthalmic surgery, all the patients underwent surgery for

@ 2009 Japanese Society of Neuropathology
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Table 3 Sporadic Creutzfeldi-Jakob disease (sCID) patients who underwent neurosurgery or ophthalmic surgery after onset of sCJD in
a study of patients investigated by the CID Surveillance Commijttee, Japan'

Patient no. Reason for surgery Interval between surgery Age (years) at Symptom at onset of
and oaset of sCID onset of sCID sCID
symptoms

1 Subdural hematoma : . 0M 1 Dementia

2 Subdural hematoma oM 77 Psychiattic symptoms

3 Subdural hematoma 1M 57 Dementia

4 Meningioma 1M 74 Vertigo

5 Aneurysm 2M 46 Dementia

6 Aneurysm iM 67 Vertigo

7 Cataract ' . oM 60 Gait disturbance

8 Cataract oM 61 Dementia

9 Catarect oM 63. Visual impairment
10 Cataract oM 71 Visual impairment
11 Catgract ' oM 74 Visual impairment
12 Cataract oM 74" Visual impaimment
13 Cataract 1M 66 Dementia
14 Cateract 1M ' 74 Psychiatric symptoms -
15 Cataract . 1M 85 Visual impairment
16 Cataract ) ' 2M 79 Tremor
17 Cataract . 4M 81 Visual impairment
18 Cataract 8M 77 Psychiatric symptoms
19 Cataract 10M . 57 Dementia ’
20 Cataract . 14M - ' 64 Visual impairment

M, months.

cataract, and 50% of the patients (7/14) presented with
visual disturbance as the initial symptom of sCID
(Table 3).® These findings are similar to those of a report
from the UK,¥ and those of our previous study"! Visual
disturbance might prompt ophthalmic surgery. OF greater

concern is the fact that three patients underwent surgery-

eight or more manths after sCTD onset. In our studies, 84
all surgeons who provided us with information regarding
instrument cleaning and sterilization procedures reused
some surgical instruments However, the sterilization
methods were inadequate to sterilize against infectious
PrP, -according to WHO pguidelines” These Inadequate
methods included the use of ethylene oxide gas and incom-
plete autoclaving. Newosurgeons and ophthalmologists
must become betler informed about prion diseases and the
necessity of using disposable instruments whenever pos.
sible. Furthermore, a more sensitive method for the early
diagnosis of sCID is required, because clinical diagnosis

is sometimes difficelt, particnlarly- in atypical sCID-

cases, which include the MM2, MV2, VV1, and VV2
phenotypes® according to six phenotypes of sCTD based
on codon 129 PrP polymorphisms and type of protease-
resistant PrP as determined by Western blotting.® Even
neurologists sometimes misdiagnose atypical sCID in
patients with other néurodepenerative disease, such as
Alzheimer’s disease or progressive supranuclear palsy.

CONCLUSIONS

According lo the conflicting results of case-control studies, |

including ours, we cannot assert that medical procedures

© 2009 Japanese Society of Neuropathology

are risk factors for the development of sCID. However, the
fact that some sCID patients had surgeries, including neu-
rosurgery, even after the onset of sCID, indicates that we
cannot completely exclude the possibility of transmission
of prion diseases via medical procedures. Neurosurgeons,
ophthalmologists, other surgeons and physicians must pay
more attention to the possibility of prion diseases in order
to reduce the risk of transmission. In addition, ca;éful long-
term surveillance of prion diseases is necessary.
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Cord Blood Workshop Answers Industry
Questions
Approximately 225 people from across North and South America, Europe,
and Asia attended the Cord Blood Licensure Workshop held this week in
Rockyille, Md. The March 8-10 event provided information on the elemenis
and steps involved in the biologics license application prdcess as ouflined
in a Food and Drug Administration guidance. The guidance pertains to the
manufacturing of minimally manipulated, unrelated, allogeneic
placental/umbilical cord blood and applicabie regulatory requirements
HPC-Cs was released at the same time as the licensure guidance and
provides recommendations for use of HPC-Cs that are not ficensed but are
needed for tfreatment of a patient, with a serious or life-threaiening disease
- or condition. Participants raised concerns about the ability to meet the
Ociober 2011 deadline to obtain a ficense for these produets, inquired
about how the guidance would affect their patients, and sought clarification
on the submission process for BLAs and INDs, FDA speakers noted that
some items are faciiity-specific and should be addressed in pre-BLA
meetings, encouraging those with additional questions to submit them to
the docket, which is referenced in an Oct. 20, 2009, Federal Register
natice. Presenters also emphasized the unique opportunity that licensure
presents for collaboration among those in the cellular therapy community,
as these could be the first licensed allogeneic cellular therapy praducts.
Handouts from the workshop will be posted in the coming weeks on
AABB’s Live Learning Center for attendees to access.

Poster Created to Help Meet New Standard 1.5
"Requiring Process-for Reporting Quality Concerns
to AABB S
‘ ' 150

Event Calendar

March 18-21 — 2010 South
Central Association of Blood
Banks Annual Meeting and
Exhibit Show read more »

March 21-22 — SCABB
Immunchematotogy Reference
Lab Workshop

read maore »

March 24 - AABB
Audioconference: Distance
Education: Is It an Answer to
ihe Personnel Shortage?

March 24-25 — National Cancer
Institute’s 3rd Annual
Biospecimen Research
Network Symposium

read more »

March 31 - AABB
Audioconference: Molecular
Approaches to Rh Problems
read more »

Full Calendar read more v
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AABB has developed a poster for facilities to use in the workplace to help
them comply with a new standard that requires a process for personnel to
be able to anonymously communicate concemns about quality or safety to
AABRB. Standard 1.5 is included in the 26th edition of Standards-for Blood
Banks and Transfusion Services, which took effect Nov. 1, 2009. Facilities
are not required to use the poster; it is an aid to compliance with the intent
of this new standard. Any questions can be directed to AABB's Depariment
of Accreditation and Quality.

Latest Issue of AABB News Explores New

Government Health Care Leadership

The March issue of AABB News foclises on the changes in heaith care .
ieadership since President Obama tock office — and how this affects the
transfusion and cellutar therapy communities. in one articfe, Howard Koh,
MD, MPH, assistant secretary for health at the U.S. Department of Health
and Human Services, speaks to AABB News about HHS' priorities —
including an increased focus on preventive medicine and forging new
relationships with industry. Another article examines the changes in store
at the National Institutes of Health under Director Francis Callins, MD,
PhD. This issue — to be mailed next week — also includes an update on
the Donor Hemovigilance System and a column about how to recard
references in standard operating procedures.

Enrollment Under Way for National

Hemovigilance System

One month following the launch of the Hemovigilance Madule of the
Centers for Disease Control and Prevention’s National Healthcare Safety
Network, approximately 60 facilities have agreed to enroll. The module is a
surveillance system that allows for the real-time tracking of adverse events -
associated with blood transfusions as well as the quick identification of
trends within a facility. Al hospitals with transfusion medicine services are
encouraged to join the module as well as AABB's special data analysis -
group within the system. The goal of AABB's Hemovigilance Module group
is to provide individual institutions with in-depth analyses and
‘recommendations for specific enhancements to patient safety and
reductions in.health care costs. To join, facilittes should express their
interest to AABB and complete the Intent to Participate form. Assistance
with the NHSN enrollment process also is being offered by AABB.. .
Interested facilities should visit the AABB Web site or contact Barbeg . ) .

“Whitaker, PhD, director of data and special programs at AABB, for further
guidance.

FDA, Makers of WinRho SDF Warn of Potentially
Fatal Complications in ITP Patients

The Food and Drug Administration issued a MedWatch annguncement on
Wednesday alerting the medical community to potentially fatal risks of
intravascular hemolysis in batients being treated for immune
thrombocytopenic purpura with WinRhe SDF. in the announcemen‘t. FDA . ' ‘
indicated that the manufacturer and distributor of WinRho SDF, Cangene
Corporation and Baxter Healthcare Corporation, have sent a letter
" informing health ¢are professionals that 2 new boxed warning has been

added to the product labeling, which specifies what complications can ' ) ' -
: : : 151 T ' '
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result and provides guidelines for proper administration and follow-up to
help ensure WinRho SDF is used safely and effectively. The letter also
advises of specific changes fo the warr;ings, contraindications,
precautions, and dosage and administration. Other resources included in
the announcement include prescribing information and patient information.
This notification does not apply to patients receiving WinRho SDF for the
suppression of Rh isoimmunization.

Global Cellular Therapy Organizations Gather
New Data .
The Alliance for Harmonisation of Cellular Therapy Accreditation —-of

* which AABB is a member — has parinered with the World Marrow Donor
Association to gather data on celiuiar therapy collection facilities. Collection.
facilities are asked to complete a ferm seeking certain license and
accreditation data to include in this registry, which will serve as a resource
for WMDA members and regulatory organizations.

WMDA also is in the process of updating country-specific import and

export requirements. This data — which was originally collected in 2003 —
is located in the regulatory section of the WMDA, Web site.

% INIH Scientists Find N ew Form of Prion Disease
That Damages Brain Arteries)
National Institutes of Health scientists studying how prion diseases
'damage the brain have observed a new form of prion disease in mice that
.does not cause the sponge-like brain deterioration ch_aracteri;tic of prion-
related disorders. According to an NIH press release, the new prion
disease resembles cerebral amyloid angiopathy, a condition related to
Alzheimer's disease that damages brain arteries. Prion diseases — knoi.\_.rn
as transmissible spongiform encephalopathies — primarily damage the
brain and include mad cow disease or bovine spongiform encephalopathy )
in catfle, sporadic Creulzfeldt-Jakob.disease and variant CJD. The study, ! . '
conducted by scientists at NiH's National Institute of Allergy and Infectious
'Diseases and the Veterinary Laboratories Agency in Scotland, revealed
many of the usual signs of ph’on disease. However, the sponge-like holes
in and around nerve cells typical of prion disease were not gbserved.
Instead, the mouse brains contained large accumulations of prion protein
plaques trapped outside blood vessels, which damages arteries, veins and
. capillaries in the brain. The knowledge gained from {his study may help
scientists In developing therapies for prion diseases as well as Alzheimer's
disease.

Region Watch ,
Demand for most frozen products is increasing; the need for
cryoprecipitate and fresh frozen plasrna is especially steady. A robust
supply of frozen products easily serves these needs, according to the
National Blood Exchange. Platelet products are readily available -

‘ _ throughout the country, and the surplus of red blood celis continues to
climb. -

‘AABB, 8101 Glenbrook Road, Bathesda, MD 20814
: : : 152
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ORIGINAL ARTICLE

BENESIS 2010-003

DOL: 10.11114.1365-2516.2009.02181.x

* -

Variant CJD infection in the spleen of a neurologically
asymptomatic UK adult patient with haemophilia

A. PEDEN,* L. MCCARDLE,* M. W. HEAD,*

S.LOVE,t H.J. T. WARD,* 5. N. COUSENS,

D. M. KEELING,§ C. M. MILLAR,{ F. G. H. HILL** and ]. W. IRONSIDE* "
* National Creutzfeldt-Jakob Disease Surveillanice Unit, University of Edinburgh, Edinburgh; 1Departiment of Neuropa-
thology, Frenchay Hospital, Bristol; {London School of Hygiene and Tropical Medicine, London; §OQxford Haemophilia
and Thrombosis Centre, Churchill Hospital, Oxford; {Department of Haematology, Imperial College London, London;
and **Department of Haematology, Birmingham Childrer’s Hospital, Birmingham, UK

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 Creutzfeldi—Jakob disease (vCJD). We
describe a study to detect disease-associated, prote-

" ase-resistant prion protein (PrP™Y) 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™, 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 PrP"
by Western blot analysis. This tissue came from a 73-
year-old male patient with no history of neurological

disease, who was heterozygous {methionine/valine)
at codon 129 in the prion protein gene. He had
received over 2000 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

vC]D-infected donors. He had also received 14 units
of red blood cells and had undergone several surgical
and invasive endoscopic procedures. Estimates of the
velative risks of exposure through diet, surgery,
endoscopy, blood transfusion and receipt of UK-
sourced plasma products suggest that by far the most
likely rdute of infection in this patient was reccxpt of
UK plasma products.

Keywords: haemophilia, prion protein,

plasima,
spleen, vCJD -

Introduction

Variant Crentzfeldt—Jakob disease {vC]JD) was iden-
tified in the UK in 1996 [1] and subseguently shown
to be caused by a wansmissible agent with identical
propetrties to the bovine spongiform encephalopathy
- {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

Coreespondence: Prof. James W, Ironside, National Creutzfelde—
Jakob Disease Surveillance Unit, Universicy of Edinburgh, Western
General Hospital, Edinburgh EH4 2XU, UK.

Tel: +44 131 537 3109; fax: +44 131 343 1404;

¢-mail: james.ironside@ed.ac,uk

Accepted after revision 29 November 2009

© 2010 Blackwell Publishing Ltd
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infectious prion agent from a non-human source. It is
also unigue in that the transmissible agent is detect-
able in 2 much wider tissue distribution than is the
case for other forms of human prion disease. Both
infectivity and the protease-resistant torm of disease-
associated prion protein (PrP™) 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 vC]D 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
WNational Blood Authorities in the UK have taken a
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number of steps to reduce the likelthood of second-
ary transmission of vGJD by blood components [11].
It is known that plasma donations from asymptom-
atic individuals infected with vC]D have alse con-
tributed to some batches of pooled clotting factor
concentrate (termed ‘“vC]D-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 C]D-implicated batches of clotting factor
concentrates factor VIII {FVIII) and IX were assessed
to be likely to carry sulficient 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

becomne 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 vC]D 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,%,10]. The annua! 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 (althongh 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 19611995
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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 vC]D infection
in the general- UK population could therefore be
around 1 in 10000, based on an approximate
average value between rhe 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 haemaophilia
for the possibility of vC]D infection. This study
included the prospective and retrospective analysis of
lymphoid tissues and brain tissue in biopsy marerial
and/or autopsy material for the presence of the PrP™*
isoform characteristic of vC]D.

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 sarmples

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,
[ymph 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 auropsy tissues following
the death of a patient undergoing either a hospital or
Coroner’s autopsy.

Cases and tissue specimens |

Material from 11 autopsy cases and seven biopsy cases
from 17 patients had tissue samples submitted to the
Narional 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**). Cases of clinicaily
suspected CJD) that were given an alternative final
pathological diagnosis were used as negative controls,
as they lack PrP™ 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 Surveit-
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 precipffation/Westem blof analysis for PrP™®

Frozen central-nervous system {cerebrai frontal cor-
tex, cerebellum, spinal cord) and lymphoreticular
{spleen, tonsil, appendix} tissues {when available)
from cases in this study and from vCJD and nan-CJD
control patients were homogenized to 10% (w/v) in
2% sarkosyl/PBS using the FastPrep™ instrument
(Anachem, Cambridge, UK} and 500 uL samples of
this homogenare 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 neuroclogical 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 necvous system tissue or
lymphoreticular dssue, 10% {wfv) vCJD brain
homogenate (3 ul) was diluted into 500 pL 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 pLof 2%
sarkosyl/PBES as described in the standard protocol
used for ali the test samples [8). Samples of tissue from
haemophilic patients in this study were assessed by
compatison with positive and negative control
samples run on the same gel. The following criteria
were established before intespreting the results: a
positive result was assigned if at least two bands were
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observed to co-migrate with the corresponding PrP™
bandsin 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
ONE™ software (Bio-Rad, I—Iert.fordshire, UK). Immu-
noblot images were included in the densitometric
analysis if all three bands {di-, mono- and ungly—
cosylated} were in thc [mear range.

Immunobistochemistry and PET blotting

Paraffin-embedded tissue blot analysis was carried
out as described by us previously [21}, 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].

Resuits

Biochemical analysis

The high-sensitivity Western blot (NaPTAIWB) 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 qut of the initial four tested from one of
these patients gave a very strongly positive signal for
PrP™ producing a poorly resolved smear, but with
the highest densities in the region of the immunablot
typical for authentic PrP™. A smaller volume of the
positive homogenate (50 pL rather than 500 pL) 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 congsistent with vCJD, showing a pre-
dominance of the diglycosylated form of PrP™,

Haemaphilia (2010, 1-9
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Table 1. Summary of frozen tissue samples analysed by NaPTA/WE for PrP™,

Case nuinber {PRNP codoa 129} Tonsil Spleen Lymph node Appendix Brain Bone marrow Gut
1 (MV) - - - - 019 - -
2 {(MV) ) - 04 0/3 o4 o - ’ -
3 (MV) 0/ W12 04 - onz - - -
4 (MM} - - 0/4 - 0/8 - -
5 (MM - - - - ors - -
6 (VV} - 03 - 0/4 w14 04 Ve
7 (MM) 03 0r - o3 o3 - -
8 (MM) - - - - 0/16 - -
9 (MV) - 1126 o2 - 0111 - -
10'(MM) - 04 . 0/4 - or8 - -

Depending on availability a minimum of four samples were tested from the tissue listed above, The results are given as the number of PeP™
positive sanples as a proporiion 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 resisrant prion protein; NaPTA/

WB, sodium phosplhiotungstic acid precipitation/Western blotting.

The remaining 100 pL 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 PrP™ bands) with a
dilution series of PrP™ samples from vCJD brain tun
in parallel with this and the previous sample. This
analysis indicated that the level of PrP™ 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 spléen tissue from this case failed
to show any evidence of PrP** {Table 1). Exhaustive
immunohistochemical and PET blot analysis of this
e"ggé

&
o F

AD  emins

30 «-”

20&"“

Fig. 1. Sodium phosphotungstic acid (NalPTA) precipitation/
Wesrern blotting analysis of spleen tissue samples for the presence
of prorease-resistant prion protein {PrP™). A sample of spleen
homogenate from case 9 (case sample) corresponding to 5 mg of
tissue was analysed alongside spleen samples from a control zase
with non-CJD neurological disease (contrel} corresponding ro
50 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 pg of tissue,
prior to NaPTA precipitation. Standard vCJD brain PcP™ cor-
xesponding to 100 pg of brain tissue, analysed withoot prior
NaPTA precipitation, was rua in the lane marked *vCID stan-

* - dard’. The molecular weight markers (in kDa} are showr in the

{eftmost [ane,

+ »
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tissue was similarly negative and NaPTA/WB, immu-
nohistochemistry and PET blotting all failed to detect
the presence of PrP™ in lymph node, frontal cortex
or cerebellum in this case (Table 1). All other cissues
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 vCID
spleen PrP™ 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 PeP™ 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 PrP™ was detected
biochemically in the spleen.

Case history

The clinical history of the haemophilic patient in
whom PrP™ was detected in the spleen was reviewed
in detail as follows:

. © 2010 Blackwell Publishing Ltd
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PrP™* glycoform ratios of vCJD cases (brain versus spleen)

504

+ vCJD brain

454 o vZJD brain diluted in
—_— control spleen
) .
o . . w0 spleen
E 40 N oa ¢ Haemophilia spfean
&
- e p q: %, ® Spleen from biood
8 3 . T b transfusion asymptomatic
8 PIRL B intaction {Peden of al, 2004}
2 Y

30 * T3 .
c . s .
(=] * * u "
= - -, L J

25, . s

20 —

20 ao 40 50 B} 70

Ijiglycosyiated (%)

Fig. 2. Scattergram analysis of percentage diglycosylated and
percentage monoglycasylated isoforms found in individual cases of
variant Creutzfeldt-Jakob disease (vC]D). 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 diamend) 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 {ycllow triangles}. The glycoform ratio of spleen from a
single case of preclinical vCID infection following blood transfu-
sion in an asymptomatic PRNP codon 129 MV individual {green
squaic} 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 FVII. He suffered from
severe haemophilic arthropathy and despite multiple
orthopaedic surgical procedures was wheelchair-
bound by the age of 36 years. He also suffered fromn

- recurrent gastrointestinal (GI) bleeding and at the
age of 39 sustained an intracerebral haemorrhage.
He had multiple exposures to UK-sourced plasma-
derived FVIHI 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 FVII 8Y batches
in 1994 (Batch FHC 4237, 1000 units) and 1996
(Batch FHB 4547, 8025 unifs), 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 wh
subsequently died from vCJD in 1997. '
It is also recorded that the patient had been
teansfused with ted blood cells in 1998 (3 units), in
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1999 (5 anits), 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 Gl 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 ro 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 135/80 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 suspecred 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 haemorthage 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 immunochistochemistry. 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 inhlrate of chroni¢
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

Haemophilia (2010}, 1-9



¢ A.PEDEN etal

with rapid propagation of blood clot upwards into
the aorta resulting in hypotension, toss 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 rhe
prion 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. Immunochistochemistry
and PET blotting of the spleen from this case were
also negative for abnormal PrP.
We therefore investigated the possibility that the
positive resuits derived from an unexplained mis-
identification or contamination of samples in the
laboratory. Meticulous review of the audit trai} 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
highty discrete positive region with readily detectable
levels of PrP*, having a glycoform pattern typical of
vC]D. In a previous report, we described the detec-
tion of PrP™ 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,
immunohistochemistey 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™ 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. Immuno-
blotting for PrP™ 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 quantiry than the frozen
spleen tissue for biochemical analysis. It is also
conceivable that the distribution of PrP™ in the
spleen may be influenced by the PRNP codon 129
polymorphism, as the distribution of PrP** 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 vCID) 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 vC]D 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 vC]D, but there remains the
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possibility that this group of donors could include
asymptomatic carriers of vCJD infection. The inves-
rigation 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 vC]D source is
the receipt of two separate batches of FVIIL, 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 PrP™ 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 PrP™ detected in the spleen in this study. The
vCJD donor had aiso 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 concentrares linked to this
donor.

Estimates of the celative levels of nsk to which
this individual was exposed, through diet, surgery/
endoscopy, blood transfusion and receipt of plasma
products, suggest that by far che most likely route

through which this individuali 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 FVII]
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 abouit
the risk of tramsmission 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 thesc patienits 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. Sumnmary of haemophilia risk calculations assutning a population prevalence of ane in 10 000,

Route Estimated risk

Assumptions

Djet . 1in 10 600*
Blood [12,28] 7-14 in 10 000
Endoscopy with 1-6 in 10 000
biopsy [25,29)

Implicated plasma
products [12,25]

"»2 ID50s implies
infection very likely

" Nen-implicated plasma
products [12,25]

0.2-0.6 TD50s implies
risk of 1000-3000 in 10 000

. Background risk
Assurning transmission probability is
. between 0.5 and 1
Reduced risk based on a general surgical inodel
{ser of 20 instruments) by a factor of 10 |
(1 small biopsy head)
Linear dose response; the possibility of
unidentified vCjD-infected donors to the
plasma pools is also taken into account
¢. 400 000 units of factor VIII, to which
unidentified vCJD-infected donors may have
contriputed

vCJD, variant Creutzfeldt-Jakob disease.

*The assumed prevalence of vCJD infection in the general UK popu]at[on is one in 10 000, based on an appmmmatc average value
between the results of the study by Hilton et al. [14] and the more recent National Tousil 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-
ning 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
[27].
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ARTICLEINFO ABSTRACT

Article history: The evalvation of the removal eflicacy during manufacturing is important for the risk assessment of
Received 20 August 2003 plasma products with respect to possible contamination by infectious prions, as recently reported in
Raceived in revised form several papers on the potential for prion transmission through pfasma products. Here, we evaluated
14 Oetober 2009 a virus rémqva] filter which has 1S nm pores. An antithrombin sample immediately prior to nanec-

Accepred 23 October 2009 filtration was spiked with prion material prepared in two different ways. The removal (log reduction

X e * factor} of prion Infectivity using animal bicassays. was >4.72 and 4.00 in two independent filtrations.
PdE)oinm 3 However, infectivity was detected in both the pellet and supemnatant following vitracentrifugation of the
15 nm filtered samples, indicating dlfﬁcull:y in complete removal. The data supports the conclusion that

Removal

lafectivity a certain amount of infectious prion protmn is present as a smaller andfor soluble form (less than
Virus ramoval filter ~15 nm in diameter).

Soluble form @ 2009 The International Association for Blolugicals Published by Elsevier Ld. All righrs reserved.

1. Introduction

Although the risk of transmission of classical or sporadic
Creutzfeldt-Jalkob disease (sC)JD) through blood transfusion is theo-
retically possible, np verifiable case of tansmission has been
reported. However, the riskof contracting variant (D (vCjD) through
blood transfusion has been of increasing concern, particularly since
the report of a fourth possible transmission case [1,2]. In additicn,

two investigations of cases involving recipients of plasma products’

manufactured from pooled source plasma containing a vCjD-infec-
‘ted donor were recently reported. In the first of these reports,
abnormal prion protein was detected in a patient without symptoms
of v(JD, revealed vCiD abnormal prion protein at post mortem in the
patient (a haemophiliac) who had been treated with a Factor VIt
product derived from a source material containing plasma that
included a donor who developed vCID after the donation. The UK
Health Protection Agency retained their position of "at risk’ for UK
derived plasma products [3]. The FDA considers*the estimated risk’ is
highly uncertain butis most likely to be extremely small in the case of

™ Camresponding authar, Qsaka Research lahararary, Kesearch & Develapment
Divisign, Benesjs Corporation, 3-15-89, Kashima, Yodogawa-ku, Osaka 532 8505,
Japan. Tel: +81 5 G300 2458; fax; +81 § 6300 2404,
E-mait address: YunokiMikihiro@mkmi-pharma.ca,jp (M. Yonoki).

US-licensed plasma products [4). A follow-up review of the case
reported that the patient was'more likely to have been infected by
potential subelinical vC]D donors present in normal donor plasma,

" than by smaller quantities of plasma derived from the donor whe

had developed vC]D [5,6] In another report, v(JD abnormal prion
profein was not found in a post mortem examination of a patient
with cammon variable immunodeficiency (CVID) who had been
treated with an intravenous immunogiobulin (IVIG) product derived
from a source material containing plasma frem a donor who later
developed vCJD, post mortem without symptoms of vCID [7].
Experimental studies in animal models have demonstrated the
transmission of bovirie spongiform encephalopathy (BSE), chronic
wasting disease (CWD), scrapje, (JI and vCJD through transfusion
12]. Furthermore, infectivity was detected in plasma derived from
v(]B-infected mice [8], To reduce the risk of transmission through
biologics derived from raw materials potentially contamninated
with infectious prion protein, such as plasma, safety measures
against pathogen contamipation should be employed, Such
measures include decreasing the potential prion load, evaluating
the risk of the product and employing prion removal step(s) in the
manufacturing process wherever possible [9-11), ‘
Nano-bltzation has been reporied as a very effective tool for the
removal of prions [ 12-14]. These reports suggested that the biological
properties of infectious prions in the spiking material could affect

1045-1056/$36.00 & 2009 The [nternational Assaclation for Biologicals. Published by Elsevier Ltd. All rights resarved.
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evaluations of clearance. Foster [15] also reviewed the significance of
the method of preparing the spiking material for clearance studies but
further research is required due to a lack of consensus. Although
infectious activity peaks markedly at 17-27 nim [ 16], our recent study
reveals that even a 15 nm filter could not remove alt infectious prion
[14]. Our objective in this study is to clarify the infectivity of prion
protein that penetrated the 15 nm filter.

2. Materials and methods
2.1. Quantitative rermoval capacity of 15 nm filter

To evaluate the quantjtative removal capacity of a 152 nm
virus removal flter virus removal filter (Pnanova 15 N, 0.001 m?,
(P-15 N), Asahi Kasei Medical Co,, Ltd, Tokyo, Japan) we used
a sample of the antithrombin preparation {Neuart®, Benesis Corp.,
Osaka, Japan) taken immediately before the P-15 N step. Briefly, the
microsomal fraction as a spiking material was prepared as follows.
Brain homogenates from hamster adopted scrapie 263 K strain
infected hamsters in PBS (10% w/v) were centrifuged at low speed
{1,000 g for 20 min, at 4 °C) and the supematant was treated with
the 0.1% detergent lysolecithin (37 °C’ for 30 min), Then the
homogenate was centrifuged at high speed (9,100 g for 10 min at
4 °C) and the supernatant was extensively sonicated on full power
(20 kHz, 550 W, Misonix X[2020, Qsonica LLC,, USA) for 5 rmin with
2 min intervals every 1 mmin sonication (5 miftube without cymbal
rod). The horogenate obtained was sequentially filtered using
0.45, 0.22 and 0.1 um filters was used as a spiking material. The
starting material was spiked {1:50 v{v) and then filtered using P-
15 N, The samples, before and after the filtration of two indepen-
dent runs were titrated to determine the reduction of the PrP* by
 Westem blotting (WB2 method in reference 14} An animai
" bioassay (BA) was also performed to determine the reduction in

infectivity. For the BA, four to five-week cld specific pathogen free
and viral antibody-free male Syrian hamsters were inoculated i.c.
with 0,05 mlfanimal of the ten-fold serially diluted sample. Six

animals were used for each diluted sample. The animals were

‘monitored for general ‘health and clinical signs, and euthanized
once advanced clinical signs were.evident or at the end of the assay
period (383 days). A histopathological analysis was performed on
all brains from animals sacrificed in the study and log reduction
factors were calculated following titre determinations by the
method. of IGrber. This investigational TSE clearance study was
performed in accordance with GLP and guidances at BioReliance,
Glasgow UK and Rockville US facilities [10,17,18].

22. Property of P-15 N-filtered samples

To determine the characteristics of prion infectivity in the filtrate,
an analysis of filtrates from additional spiked runs was performed by
ultracentrifugation and qualitative (200 days) infectivity assay.
Microsomal fraction as spiking material was prepared as described
in 2.1 {without detergent treatment) following ultracentrifugation
to purify the microsomat fraction. The microsomal fracijon was then
extensively sonicated at 20kHz, 200 W ({Bioruptor UCD-200T,
.Cosmobio Co., Ltd,, [apan), 10 min with 1 min intervals every 1 min
sonication (2 ml/tube with cymbal rod) and subsequently filtered
using 0.22 um filters. This filtrate was used to spike samples. The
spiked (1:20 vjv) antithrombin samples were passed through
a 15 nm filter. Theresultant log reduction factor by Western blotting
was >2.8 and infectivity was detected in the [iltered sample [ 14]. The
filtered sample was ultracentrifuged at 150000 g for 60 min at4°C
and the pellet was resuspended with PBS. The resuspended pellet

and supemnatant were inocuiated i.c. to three female-specific path- -

ogen-free Syrian Hamsters with 0.02 mifanimal of these undiluted

samples, As a control, a non-ultracentrifuged filtrate sample was
also inoculated. The animals were euthanized once advanced clin-
ical signs were evidentor at the end of the assay period (200 days). A
histopathological analysis of the brain from alt sactificed animals
was also performed described as previous study [14].

3. Results
3.1. Capacity of the 15 nm filter to remove prion

The capacity to remove prions from the antithrombin prepara-
tions during Plariova 15 N filiration using either extensively soni-
cated lysolecithin treated prions or extensively sonicated
microsomal fractions are summarized in Table 1. The log reduction
factors (LRFs) using the lysolecithin spike in the animal experi-
ments were >4.72 and 4.00, respectively for the duplicate rins,
These results revealed that the Planova 15 N filtration is “effective
but not complete” for the removal of infectious prion contamina-
tion. One of the experiments showed that a small amount of
infectious prion was still detectable in the filtrate. These resuits
demonstrate that even 15nm filtration may not be able to—
completely remove infecttous prion (Table 1}. (,_-'

32. Qualitative removal capacity of 15 nm filter and subsequent
analysis of the filtered sample

To clarify the properties of the infectious prion, the pellet and
supernatant derived from the 15 nm filtrate {using a sonicated
microsomal spike material} after ultracentrifugation were investi-
gated. PrP™® was not detected by Western blot assay either in the
filtrate, or irt the supernatant and pellet by uliracentrifugation of
the filtrate. In contrast, infectivity was detected in all samples by
animal bioassay, a more sensitive assay method (Table 1). This
result showed that a certain amount of infections prion was able to
penetrate the 15 nm virus removal filter and was not pelleted by
ultracentrifugation, Of note, one of two animals which were inoc-
ulated with the supernatant showed slightly faster disease
progression than other animais after the appearance of clinical
signs in the study, However, histopathological observations did not
show any clear differences between the supernatant and pellet
fractions after ultracentrifugation.

4. Discussion
Clarification as to the real form of infectious prion protein ife— '
infectious human and -animal plasma is very important in order to

Table 1
Serapie PP and infectivity in sarnpls genecated with 15 nm Aloation a.nd

subsequent ultracenmfugmon

o _- s »‘_'"Quanntahve " Quatitative -
L LT COBA WB .. BA

Spiking materigd " Iysqleuthm rreated and [Extensively

. . Extenswely sommtcd - sonicated
Before filtration 61 /6.1 7.97 /830 T36 T dwet
Alter filorationi <26/ <26 <325/430 - <08 +ved
Log reduction =3.5]235 4721400 >2.8 NA
Pellét* © NA NA <10 tves
Suparnatant” NA NA <10 +vel

+ve, scrapie positive, NA, not applicable.
2 :Pellet fraction of ultracentrifuged fltrate,
B Supernatant fraction of ultracentrifuged filrate,
© Clinical sign.was observed frorm 90 ~ 118 days post inlection.
% Clinical sign was observed lrom 111 ~ 175 days post infection.
© Clinical sign was observed from 111 ~ 113 days post infection.
{ Clinical sign was observed frorn 125 ~ 175 days post infection.
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evaluate the risks of prion contamination in plasma products and
biopharmaceutical medicines, Some results suggesting the form of
infectious prion protein in human and animal plasma have been
reported, A genetically-modified animal plasma containing GPL-
anchor less prion protein had some infectivity [12,20). On the other
hand, a high titer of prion remained in the supernatant of an ultra-
centrifuged microsomal fraction derived fiom scrapie-infected brain,
although PrP™ was not detected by Western blot assay [21]. Although
these results were obtained under experinental conditions, it
suggests that the infectious prion protein may exist in animal plasma
as a soluble or soluble-like form. Ultracentrifugation has been
commonly used for the concentration of the prion protein, The
ultracentrifugation and subsequent preparation of the spiking
material should be done carefully in order to ensure that such prep-
arations do not exclude such soluble-like prion protein. To avoid over
estimating removal, pelieting of the spilee by ultracentrifugation
should net be used. However, preparation methods.or employing
treatment which generate small size of infectious prion such as
sonication and/or detergent treatment following the ultracentrifu-
gation (as performed in this study) should be used. Many studies to
evaluate prion removal during manufacturing have been performed,
however studies of the appropriateness of the spildng materials
derived from prion-infected brain are limited. We reported that
extensively-sonication andjor treatment with a detergent such as
sarkosy] and lysolecithin were useful for the preparation of spiking
material for analyzing particle size j14}. Hence, preparation methods
without pelleting the prion by ultracentrifugation or with the treat-
ment which generates soluble-like prion inthe supermnatant following
ultracentrifugation will Iead to more acceptable results for the eval-
uation of TSE removal, especially when an animal study is included.

in this study, we evaleated the prion removal performance of
nano-filtration on a Iab scale using a 15nm Planova filter and
a sample of antithrombin which was spiked with infectious prion
protein. Two types of spiking material were used. Both spiking

macerals used in this study seemed to contain soluble-like infec--

tious prion protein because of the preparation methods employed
sonication treatment which seems to generate the soluble-like
form infectious prion, Hence, the results of the filtrate sample and

_ LRF in the studies can be considered realistic for evaluation of the

filtering process with respect to prion removal.

Residual infectivity was detetted in the filtered process sample
of antithrombin preparations which was spiked with extensively
sonicated or detergent/sonicaion-treated spiliing material,
Furthermore, the filtered sample was ultracentrifuged and subse-
guently the infectivity was detected in pellet and supernatant
fractions after ultracentrifugation. These results showed that 15 nm
filtration which is the filter of smallest pore size for virus removal
removes infectious prion protein effectively but not completely
under the fltration condition of antithrombin preparation. Other

prion removal options such as other filter devices, column chro-

matography and fractionations during processing steps have also
been reported [13]. One should choose a suitable spiking material
for a process evaluation study, before starting the study. The
combination of several different process steps for prion removal is
likely to improve the removal of all forms of potential ‘prion
contarnination and thus safegtiard against contamination.

The results of this study also revealed that some infectious prion
protein was less than 15nm in diameter, apparently as a low
molecular weight andfor soluble form. Unfortunately, the proper
tes or presence of such a soluble-like infectious prion protein in
blood have not been clarified, The properties of this form could be
very important to evaluate the risk of prion contamination in bio-
logical products. Hence, further investigations are required, espe-
cially of the properties of scluble-like prion protein in blood and
plasma. :

. Acknowledgements

This study was partially conducted based on collaborative
. research projects between Osaka University and Benesis Corpora-
tion, and batween Rakuno Gakuen University and Benesis Corpo-
ration, The authors thank Ms. Du Anariwa, Mr. Shu-Ming I3, Osaka
University and Ms. Michike Sato, Rakuno Gakuen University, for
animal rearing. The authors also thank Dr. Andy Bailey, ViruSure
GmbH.,, Austria and Ms, Elaine Wilson, BioReliance Corp. UIC for
excellent discussions and support.

References

(1) Health Protection Agency. Fourth case of variant {JD associated with blaod
transfusion {press release). Press. release. htep:f/wwwhpa.orguk/; 2007,

- [2} Zou §, Fang CT, Schanberger LB. Transfusion transmission af human prion
diseases, Transfus Med Rev 2008:22(1}.58-69.

[3] Health Protection Agency. ¥CJD abnormal prion protein found in a patent
with haemoghilia at post mortem (press release). Press release, ARtp:{fwww.
hpaorg.ulf; 2009, .

(4] http:ffwww.fdagov/dowoloadsjAdvisoryCommittees/CalendarfUCM 164322 pdl;
2009. Z1st Meeting of the Transmissible spongiform Encephatopathies Advisory
Commitiee.

[S] vCjD-related abnarmal prion protein in a person with haemophillia - an
update. Health Protect Report{23), htxp:/fwww.hpaorg.uk/hprfarchives2009/
hprz2309.pdf, 2009;3. '

[6) Bennet P, Ball J, vQD risk assessment calculations for a patient with mulriple
rouies of exposurs, hup:ffwww.dh.gov.askfen/Publicationsandstatistics/
PublicationsjPublicationsPelicyAndGuidance/DH_100357,

[7] El-Shanawany T, Jeils 5, Unsworth DJ, Williams P. A recipient af immuno-
globutin from a donor who developed v(]D, Vox Sang 20093;96(3):270.

18] Cervenakava L, Yakovieva O, McKenzie C, Kolchinsky S, McShane L,
Drghan WN, et al. Similar fevels of infectivity in the bleod of mice infected
with human-derived vC)D and GSS strains of rransmissible spongiform
encephalopathy, Transfusion 2003;43(12):1687-94.

European Medicines Agency/The Committee for Medicinal Products for

Human Usa (CHMP}/biotechniology working party. CHMF position statement

on creutzfeldt-jakab discase and plasma-derived and urine-dedved medicinal

. producis. Eonden: EMEA[CPMP/BWP[2879{02{rev 1, htip:f/www.emea.

europacu/pdfsfhuman/press/posf287902enfin,pdf; 2004

(10] The European agency for the evaluation of medicinal products{The
Committee for Medicinal Products for Human Use {CHMP)/biotech-
nalogy working patty. Guideline on the {nvestigation of manufacturing
processes for plasma-derived medicinal products with regard to vJD
risk. London: CPMP/BWR[5136/03, http:ffwww.emeaeuropa.eufpdesf
human/bwp/513603en.pdf; 2004.

|11] “Strengthening of Quality and Safety Assurance of Drugs and Medical Devices
Manufactured Using Components of Human Origin as Raw Materials®, FFSB
Notification No.0209003 dated February S, 2005, MHLW, Japan [in Japanese]

[12] Tateishi ], Kitamote T, Mohri S, Satoh 5, Sato T, Shepherd A, et al, Scrapie
remaval using Planova® virus removal fitters. Biotogicals 2001:22(3):17-25.

[13] Yunoki M, Utayama T, lkuta K. Possible removal of prion agents from blaod
products during the manufzcturing processes, Future Virol 2006;1{5):659-74.
Corrigenda in 2007; 2{1}: 112 s

[14] Yunoki M, Tanaka H, Urayama T, Hattor S, Ohtani M, Ohlcubo Y, et aL Prion
removal by nanofiltration under different experimental conditians. Blologicals
2008;36(1%27-36. .

{15] Foster PR. Selection of spiking materiais for studies on the clearance of agents
of transmissible sponglform encephalopathy during plasma fractierarion.
Binlogicals 2008;36(2):142-3.

f16] Silvelra R], Raymond ]G, Hughson GA, Race ER, Sim LV, Hayes F5, et al, The
most infectious prion protein particles. Nature 2005:437{7056):257~61.

[17) CPMP{BWP. The European agency for the evalvation of medicinal productsf
committee for proprietary medical products (CPMP) biotechnology werking
party: Note for guidance on virus validation studies: the design, contribution
and intecpretatan aof studies validating the inactivation and removal of
virwses. london: CPMP/BWP [268/95, httpi/fwww.emeacuropaey/pdfs/
human/bwp/026895en.pdf: 1996. :

(18] "Guideline for viral Safety Assurance of Plasma Derivatives”, PMSB, Notifica-
tion No. 1047 dated August 30, 1999, MHLW, Japan [In Japanese].

[19] Tritite M), Yajima T, Gu Y, Dalton N, Peterson KL, Race RE, et al, Prion-induced
amyloid heart disease with high blood Infectlvirty in transgenic mice, Science
2006:213(5783):94-7, .

{20} Lewis PA, Properzi F, Prodcomidau K, Clarke AR, Collinge ], jackson GS.
Removal of the glycosylphosphatidylinositol anchor from PrP* by cathepsin D
does not reduce prion infectivity. Biochem ] 2006;395:443-8.

[21] Beracdi VA, Cardone F, Valanzane A, Lu M., Pacchiari M. Preparation of soluble
infectlows samples from scrapie-infected brain: 2 new tool to study the
elearance of traasmissible spongiform encephalopathy agents during plasma
fractionatian. Transfusian 2006;46{1):652-8.

2]

—

167



B4R 21 BRSNS -
U E¥R BERS AERESE

No. 24.

luEe Bem|

#HEAR BE—HRAFAH
2010. 1. 19

PEXLRFORS
YL

— BB ANBRIETNTI

Kaski D, Mead S, Hyare H,

HRFER (RF4A)

Cooper S, Jampana R, Overell J,
Knight R, Collinge J, Rudge P.
[ancet. 2009 Dec
19:374{9707):2128.

FHET AT 0( B AFHFEL
F+FET AT I8 ( AR FRER)
FRFET AT 20% 5 1E4g/20mL (B FFR4-574E)
FRHE7ATE20%K1E10g/50mL (B AFR4-571)
FTET LT I25% K E12.5¢/50mL ( B R#R+-F30)

BRBEDOARKER

Lammnag

PSS Ik A

8 91

Oak 1 29~TaES O ZERECIDAE
305E BHEAS, 134 A Blhb AR L, EITIEARIR, Mk {E&T%:El, 20086 Al AR L, BEHEETRERIURIBIET
PERAZT-, 20 A k. DEARBRL, IESRIEEBHIEVOIEEEF o, TO%I» A BIERIZEL, 20085E10 8 DSk
RERTED AT 1126/30TH o7, BERIRERIETHIEEMETHY, QEMBLURH BT, BICEREER AT HY, ThRIC Tk
Rt & B R RIS B LD ot FTIC2ROBELEL L, AR, WY ERESI ORI
I_H{TT(15£EHIJ)75 Hot=23, ML A OB BRI L2) o7, BEGITIRIEFBEMEA R U, CSFD 37 FRUEE, MLERES
B THot=M, 14-3-37 2 0B RBIETH o7, IMMRIFT i, HEMBEE—ELU-, FEMLET R TOMERFERENE
r“ifmﬂf%%ﬁﬁfﬁaﬁf:u_bw‘c TP, EBEMTRRE L AEEEOR VR FMEE B REN, B, (S0,
g OaEtEE S (EER R ERPST) ORI AT — = TR BRI AN Tho7-, PRNPHRATIL. BEMERIZEE TS
TIRE B mEahotc, IRV 120EAT oS o7, S EROERERAER  SRAEDET, OB OB 225 UNIMRIFT R
\ZHESE, BRIV 72 VM2 YR (vCID) OREFR BRI N T3/, BB OEMNE L BERER. MRIFFR., 225 UNZEEG |2
'Cpseudoperzodlc complexes/S B o2 NI EEFEARITEEL . m%ﬁCjDUD—TﬁEﬁ#i{EEL\&WE*ﬁLtO BEORMEHFITENLL
FOBRBITE Ao, BEOEEIIEL, 2000F1 AR L, BRIIERESN )T,

FEREOESRERR-
OB ESES

ERROBR 2 EOHE

TV R TBIBF R 1201 ~F AN T, BRERIE R
RAROET
"y a7 R LA N B E DIEFBE TH S,

|FUAFH D ER ESND BB T VA A S E TR TR
ICBREINBLOMB LI T, TNETOEEP R TIIamas2
' 67 VA fwG ., TAT e LTURTE T ALV ORI By,
T-ARIF OFE R iT— H#é’]?h’DBE;EH‘J'C%Z) EMLEFEDI RS
IXIET L{H:l/“h@é:%xh

EZK»?F—I-%—‘fi;t vCIDD MR 4D 1k 0 B f9hb, ki
LB EOTEANERE (AT RUE{}:)?S_’E& L. BRI 364 EIZ—E
R ELERF— 2 BRI M ER L L T D, Fi-, HERE
BeH 7o CIDREPEATRAEL-ZENS, FRKITECALIE LY
1980~964E1Z1 A LLE DO EREREROH A A ORRILAHIFEL TV
B, SHLCIDETVAVRICET 22 R R OESHINET S
LEbic, MESE R O BE TRICBITARERFORE - RiE
{bEET O LIz B,

\ LW DA, MRIFWE;b%%%ﬁ“awr“/;';»

FHETNLTIL20
wR+FET LTI 25
FRTHETNT I 20%5HE
4g/20mL _
WRTFT T I 20%EE
10g/50mL
IRFFET T I 25% Rk
12.5g/50mL

MmiEEEEETHIE
THRYSE(=IRS

FA 3R

&

MedDRA/J Ver.12.0J




Case Report

JRC2010T-003

Lancst 2009; 37.4: 2128

MRC Prion Unit and National
Prion Clinic, UCL Institute of
Neurology and National
Haspital for Neurology and
Neurosurgery, Landon, UK
(D Kaski MRCP, S Mead PhD,

H Hyare FRCR, Prof ] Collinge FRS, -
P Rudge FRCPY; Institute of -

Meurclogical Sciences, Glasgow
University, Glasgow, UK

{5 Coaper MRCP,

R Jampana FRCR, | Overell FRCPY;
and National CJD Surveillance
Unit, Western General Hospital,
Edinburgh, UK

(Praf R Knight FRCP)

Correspondence to:

Peof John Collinge, MRC Prion
Unit and Natfanal Prion Clinie,
UCL 1nstitute of Neurology and
National Haspital for Neuralagy
and Neurasurgery, Queen
Square, London WCIN 3RG, UK
j-collinge@prion.ud.ac.uk

2128

Variant (JD'in an iﬁdividual heterozygous for PRNP codon 129

Dicga Kaski, Simne #ead, Harpreel Huare, Serah Coaper, Rovi Jampann, jemes Overefl, Richard Knight, John Collinge, Peter Rudye

A 30-year-old man was admitted to hospital in June, 2008,
with a 13-month history of personality change, progressive
unsteadiness, and intellectual dedine. He complained of
severe leg pain and poor memory. 2 months later he de-
veloped visual hallucinations and falsely believed he had
an abdominal tumour. Symptoms worsened over the next
3 months. In October, 2008, his score on the mini mental
state examination was 26/30. Pursuit eye movements
were saccadic. He had a pout reflex. There was mild ataxia
in the anms. His legs were severely ataxic with brisk
tendon reflexes and a left extensor plantar response. He
needed two crutches to walk. Medical history included

‘tonsillectomy and removal of a cervical lymph node

15 years previously but he had never had a blood trans-
fusion or received implantation of other hurnan tissues,
EEG showed slow wave activity. CSF protein, glucose,
and cell count were normal but the 14-3-3 protein was
positive. MRI of the brain was consistent with the pulvinar
sign (figure A). Although not all neuroradiologists con-
sulted considered the pulvinar sign positive, quantitative

- assessment showed symmetrical higher signal in the pul-

vinar nuclef than the caudate nudei (figure B). Extensive
screens for genetic, metabolic, and autoimmune diseases,
indluding those induced by neoplasia, were negative. PRNP
analysis did not show any known disease-associated
mutations; codon 129 was heterozygous. A clinical diag-
nosis of variant Creutzfeldt-Jakob disease {vC]D) was made
on the basis of a characteristic clinical onset and progres-
sion, éxclusion of other diagnoses, and MRI findings.
Sporadic CJD was judged unlikely given the combination
of young age, clinical features, MRI findings, and absence
of pséudoperiodic complexes on EEG. His carers did not
want further investigation. His condition deteriorated and
he died in January, 2009. Autopsy was not done.

Human prion diseases have acquired, sporadic, and
inherited aetiologies, show wide phenotypic heterogeneity,
and are associated with propagation of infectious prions of

Figure: MRI

. (A) Increased signal intensity in the pulvinar nucleus bilateratly (arow).

* (B) MR signal intensity in the pulvinar (Pu) is higher than in the head of the
- caudate nuclei {C}, putamen (P}, and right fronta white matter (FWa), *
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many distinct strain types.' Since 1994, about 200 cases of
vC]D, causally related to exposure to bovine spongiform
encephalopathy (BSE} prions, have been identified world-
wide. vC]D is generally seen in young adults, has charac-
teristic neuropathological features and tissue distribution
of infectivity, and ‘a distinctive type 4 (London dlassifica-
tion} molecular strain type.! A polymorphism at codon 129
{encoding methionine or valine) of the human prion
protein gene (PRNP), constitutes a powerful susceptbility
factor in all types of prion disease. In vC]D, every case.
genotyped to date has been methionine homozygous.:
the other acquired prion diseases, cases have occurred in -
all genotypes but with different mean incubation periods,’
which can span decades;® PRNP codon 129 heterozygotes
generally have the longest incubation periods. There is a
report of a recipient of a bloed transfusion from a donor
incubating vC]D who died of unrelated causes but showed
signs of prion infecdon at autopsy and was PRNP
codon 129 heterozygous.'! Animal studies have suggested
that different clinicopathological phenotypes could occur
in people with various PRNP codon 129 genotypes.* The
majority of the UK population have potentially been
exposed to BSE prions but the extent of dinically silent
infection remains unclear. About - a third of the UK
population are PRNP codon 129 methionine homozygous.
Ifindividuals with other genotypes ate similarly susceptible
to developing prion disease after BSE prion exposure, but
with longer incubation periods, further cases, which may
or may not meet diagnostic citeria for vCJD, would be
expected in these PRNP codon 129 genotypes. However,
prion disease susceptibility and incubation periods are alz"
affected by other genetic loei, and the possibility remai:;
that cases of vCJD to date may have unusual combinations
of genotypes at these lod, yet lo be fully characterised.
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