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The risk of iatrogenic Creutzfeldt-lakob disease
through medical and surgical procedures
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There have been more than 400 patients who contracted
Crentzfeldt-Jakob disease (CID) via a medical procedure,
that is, through the usc of neurosurgical fnstraments,
intracercbral electroencephalographic electrodes (EEG),

" human pituitary hormone, dura mater grafts, corneal frans-
plant, and blood transtusion. The namber of new palients
with fatrogenic CJD has decreased; however, cases of
variant 'CID that was transmifted via blood transfusion
" haye been reported since 2004. Clearly, iatrogenic transnus-
sion of CYD remains a scrious problem. Recently, we iaves-
tigated medical procedures (any surgery, neurosurgery,
ophthalwmic surgery, and blood fransfusion) perfornied on
patients regisfered by the CJD Sarveillance Committee in
Japan during a receént 9-year period. In a case-control study
comprising 753 sporadic CYD (sCID) pafients and 210
control subjects, we found no evidence that prion disease
was (ransmitted via the investigated medical procedures
before onset of SCID, In a review of previously reported
case-control studies, blood fransfusion was never shown
to be a sigmificant risk factor for CID; our study yielded
" the same result, Somne case-control studies reported that
surgery was a significant risk factor for sCID. Hawever,
when surgical procedures were categorized by type of
surgery, the results were conflicting, which suggests that
there s little possibility of prion transmission via surgical
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procedures. In our study, 4.5% of sCID patients underwent
surgery after onset of sCID, including nevrosurgeries in
0.8% and ophtbalmic surgeries in 1.9%. The fact that some
patients underwent surgery, including neurosurgery, cven
after the onset of sCYD indicates that we cannot exclude
the possibility. of prioa transmission via medical proce-
dures. We must remain vigilant against prion discases to
reduce the risk of iafrogenesis.

Key words: blood transfusion, Creutzfeldbfakob disease,
medical procedure, neurosurgery, ophthalmic surgery,
prion, surgery.

INTRODUCTION

Prion diseases such as Creutzfeldt-Jakob disease (CID) are
characterized by spongiform change and abnormal prion
protein deposition in the brain, and are transmissible under
certain conditions. Human prion disease is divided into
three categories: geactic prion diseases resulting from
mutations of the prion protein (PrP) gene, acquired prion
diseases contracted due to prion transmission via exposure
to contaminated materials, and sporadic CID (sCID)
with no PrP mutation or evidence of exposure to prions.
Acquired prion diseases include kuru in Papua New
Guinea,* variant CJD (vCID) that may be transmitted to
humans from cows with bovine spongiform encephalopa-
thy (BSE),” and iatrogenic CJD transmitted via medical
procedures** To date, iatrogenic CJD) has been reported
in ‘more than 400 patients, who were exposed to prion
transmission via contaminated neurosurgical instruments,
intracerebral electroencephalographic eléctrodes, human
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pituitary hormone, corneal transplant, or dura mater
grafts’ The incidence of iatrogenic CJD has greatly
decreased,’ but a new type of iatrogenic CID “vCJD trans-
mitted via blood transfusion” was reported in 2004.%
Some case-control studies reported that medical proce-
dures were possible risk factors for sporadic CID
(sCID).™" However, other studies found no significant
association between medical procedures and sCID.MY
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 Committee
in Japan over a recent 9-year period to determine if there is
an association between medical pracedures and sCID."

Here, we review reports on jatrogenic CID, and the results .

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

IATROGENIC CREUTZFELDT-JAKOB
DISEASE

Dura mater graft-associated CJD

Since the first report of dura mater graft-associated CID
(dCIDj) in 1987, 196 cases have been identified world-
wide,* and more than 50% of dCJD cases have occurred in
Japan.® At this writing, the number of patients with dCID
in Japan has reached 132.* The mean age at onset of the
132 patients with dCJD was 55 years (range: 15-80 years),
and the mean incubation period (duration 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 grafts between 1978 and 1993.% Two-thirds of dCID

_patients display subacute progression of neurologic wani-

festations that are almost identical to those of classic sCID;
however, the other one-third of dCID patients present
with atypical clinicopathologic features: relatively slow
pragression of neurologic manifestations, scafcity of peri-
odic sharp-wave complexes (PSWCs) on electroeacepha-
lography (EEG), and the pathological presence of amyloid
plaques immunoreactive for Prp2?

- CJD transmitted via corneal transplant

In 1974, a S6-year-old woman who died -of autopsy-
confumed CJD after an 8-month illness was reported in the
United States. She had received a corneal graft 18 months
before disease onset from a donor with autopsy-confirmed
CIDX 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-
confirmed CJD was reported in Germany.® In addition to
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these cases, eight CJD patients with a history of comeal
transplantation have been reported; however, the CJD
status of their donors was not confirmed.?®

CJD related to treatment with human growth
hormone and gonadotoropin

The occwrence 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 transmission of CID.#2
Since these reports, more than 190 patients with hGH-
related CJD have been reported worldwide.® France has
the highest number of such patients, at more than 100. No
patients have been reported in Asia.® 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 CJD was shorter in patients that were
homozygous for codon 129 polymorphisms (methionine
[M]tyaline [V]) of the PrP gene, as compared to heterozy-
gotes, which confirms the findings of a previous report
indicating that MM homozygosity at codon 129 of PrP
gene is a significant risk factor for sCJD.® In addition,
four patients with CID who had undergone hormone
therapy with cadavedc pituitary-derived gonadotropin
were reported in Australia®

CID transmitted via surgical instruments and
stereotactic EEG needles

In 1977, two patiests who had developed CID 15 and 18
months after stereotactic electroencephalographic explo-
ration using silver electrodes that had been previously
implanted on a patient with proven CJD were reported in
Switzerland.” The electrodes had been sterilized with 70%
alcobol and formaldehyde vapor, but one of the electrodes
subsequently transmitted spongiform encephalopathy to a
chimpanzee 18 months after implantation in the cerebral
cortex.” Furthermore, in a review of a report in 1960, two
patients with CID possibly transmitted via neurosurgical
instruments were identified*** There has been 0o case of
CJD ftransmitted via surgical instruments or stereotactic
EEG needles since the 1980s.

vCJID transmitted by blood transfusion.

1n 2004, the first case of human-to-human secondary trans-
mission of vCID via blood teansfusion was reporcted 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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Table 1 Medical procedure-related risk for sporadic Creutzfeldt-Jakob disease (sCJD) divided into three categories according to age at
disease onset in patients monitored by the CJD Surveillance Committee, Japan'

Age n Any surgery Neurosurgery Ophthalmic surgery: Other surgeryt Blood transtusion
All sCID 753 49.4% 33% 5.6% 44.8% 10.4%
Control 210 495% 62% 52% 424% 9.5%
31-5¢ sCID 32 50.68% 63% 63% 40.6% 3.1%
Control 37 459% 10.8% 27% 37.8% 5.4%
Odds ratio 166 0.38 215 078 0.64
95% CI 0.04-74.09 0.02-6.64 0.05-101.51 0.02-33.39 0.05-9.09
P 0.79 0.50 070 0.90 0.74
S1-70 sCID 414 43.7% 1.7% 22% 41.8% 9.4%
Control 97 46.4% 52% 3.1% 402% 113%
Odds ratio 0.18 0.69 27 557 0.84
95% C1 0.02-1.73 0.13-3.62 0.24-3038 0.62-50.05 0.40-1.77
lid 0.14 0.66 0.42 013 0.64
- sCID 317 570% 52% 10.1% 49.2% 12.4%
Coatrol 60 65.0% 67% 10.0% 567% 117%
0Odds ratio 0381 0.76 1.15 0.83 127
95% C1 0.15-4.37 (.15-3.80 0.38-3.48 0.17-4.02 0.52-3.10
P 0.80 0.74 0.81 0.82 0.60

1 Other surgery: Surgery other than ocurosurgery or ophthalmic surg

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-neurological disorder 5 years
after receiving a blood transfusion from a donor who sub- .
sequently developed vCID.” Proteasc-resistant PrP was
detected by Western blot, paraffinembedded tissue blot,
and immunohistochemistry in tissue from the spleen, but
oot 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.

'

THE RISK OF sCJD TRANSMISSION VIA
MEDICAL PROCEDURES

The association between sCYD and medical
procedures before disease ounset

To determine if an association exists between medical pro-
cedures and sCID, we investigated medical procedures
(any surgery, neurosurgery, ophthalmic surgery, and blood
traosfusion) in patients registered by the CJD Surveillance
Committee in Japan over a recent 9-year period.* We con-
ducted an age-stratified case-controf study with 753 sCJD
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 cases 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 Society of Neuropathology

ery, 95% CI, 95% confidence interval,

shown in Table 1. Among both cases and controls, approxi-
mately 50% had a history of surgery, and approximately
10% had received a blood transtusion. There was nao sig-
nificant difference between cases and controls in the fre-
quendies of ary surgery, neurosurgery, ophthalmic surgery,
other surgery or blood transfusion (Table 1). On logistic
regression analysis, there was o significant risk associated
with any investigated medical procedure (Table 1).
Although the control group was relatively small, there was
0o evidence that prion disease was transmitted via medical
procedures before onset of sCID in this study.

The results of 11 case-coatrol studies and a meta-
analysis investigating the history of medical procedures
as a risk factor for sCJD are shown in Table 2. In these
studies, blood transfusion was never showa to be a signifi-
cant risk for developing CID, which conforms with our
results (Table 2).”**® However, the association between
surgical procedures and the development of CJD has been
controversial (Table 2).-'* Our results, which indicated that
surgery was not a significant risk for sCJD, were consistent
with those of two previous case-control studies with large
sample sizes'™'® and a meta-analysis that included three
case-control studies (Table2)."” In studies that claimed
to reveal an association,™™ the results were conflicting
when surgical procedures were categorized by type of
surgery. With respect to neurosurgeries, one case-control
study observed a significant risk for sCID; however,
other studies indicated that there was no significant risk,
when cadaveric dura mater grafts were excluded ™12
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,” an
increase in risk associated with having had surgery was
observed. This association was mainly noted in the cat-
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Table 2 Review of case-control studies and a meta-analysis of medical procedure-related risk for sporadic Creutfeldt-Jakob disease

(sCJD)
Year. Case Control Country Medical procedures associated with sCID
Kondo & Kuroiwa’ 1982 60 56 Japan Surgery within 5 years before onset of disease
Davanipour, ef ol * 1985 26 40 Usa " Injury to, or surgery for the head, face, or neck
Suture
Oculer tonometry
Collins, er al.’ 1999 241 784 Australia Surgery

Surgeries for heart, hemorrhoids, gallbladder, hernia,
cataract/eye, varicose veins, carpal tunne! and

hysterectomy .
Nakamura, ef al.” 00 52 102 Japao Surgery with cadaveric dura mater
Ward, ef 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, ef al? 208 431 454 UK Surgery
) Other surgery
Mahillo-Fernandez, 2008 167 3059  Sweden, Denmark Major surgical procedures conducted 20 or more years
ecal® . before onset of SCJD :
Harries-Jones, et al' 1988 k2] 184 UK None .
van Duijn, ef al.® 1998 405 405 Belgium, France, Germany, Noge
Iraly, Netherlands, UK
Zery, et al 1 2000 405 405 Belgium, France, Germany, Noge
Italy, Netherlands, UK
Wientjens, ef al.'’ 1996 178 332 Japan, USA, UK Noge
(mela-analysis)
Ours" 2009 753 210 Japan 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 suggest that
altbough the possibility of prion transmission via surgical
procedures is slight, we cannot entirely exclude this
because of the existence of iatrogenic CJD, A receat study
teported that methodological differences might partially
explain the conflicting resulls regarding the association
between surgery and CID.¥ In particular, it is important
to_consider where the control participants are recruited
(tospital or community) and how information on them is
obtained (from participants or proxy informants).® Such
methodological inconsistencies are serious limitations of
case-control studies.

. Inour study,” five patients with sCJD had a history of
neurosurgery or ophthalmic surgery at hospitals where
neurosurgery or ophthalmic surgery had been performed
on patients who later 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 infective, Therefore,
it is unlikely that an infectious agent was transmitted via
these surgeries. In Japan, a large number of dCJD patients
have been identified, but there have been no cases of other
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types of iatrogenic CID, This stady confirms that there’
were no cases of surgical transmission among patients diag-
nosed with sCID,

Surgical procedures after onset of sCID

Surgical procedures after onset of sCID might result in
secondary transmission of the disease through the use of
coataminated instruments. In particular, neurosurgery is
categorized as a high-risk procedure, and ophthalmic and
olfactory surgery as medium-risk procedures, for transmis-
sion of the infectious agent for sCJD, according to the
guidelines of the CJD Incident Panel in the UK.® We
found that 34 (4.5%) sCJD patients had undergone some
type of surgery before receiving a diagnosis of prion
disease, and that six (0:8%) had undergone neurosurgery
and 14 (1.8%) had undergone ophthalmic surgery
(Table 3). The six cases that underwent neurosurgery
did so within 3 months after SCID onset: the procedures
were performed for subdural hematoma (n = 3), aneurysm’
(r =2), and meningioma {n = 1) (Table 3).'*

Ouwr findings suggest that a delayed diagnosis of sCJD
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 neurclogical 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 Creutzfeldt-Jakob disease (sCID) patients who underwent neurasurgery or ophthalmic surgery after onset of sCJD in

629

a study of patieats investigated by the CID Surveillance Committee, Japan'*

Padeat wo. Reason for surgery Interval between surgery Age (years) at Symptom at onset of
and ouset of sCID onset of sCJID sCID
symptoms
é guggurall gemamma oM n Dementia
ubdural hematoma M iatri
3 Subdur§l hernatoma (lJ M ;1’77 PD?:;}:::EC yptoms
4 Meningioma M 74 Vertigo
2 Aneurysm M 46 Dementia
: Aneurysm 3IM &7 Vertigo
: Cataract oM 60 Gait disturbance
: Cataract [ 61 Dementa
2 g:::z: g }‘N; 63 Visual fmpa@rmcm
10 ot o 7 Visual impaimment
12 Cataract oM T Vi.S\h’lI epairment
3 et o 74 Visual impairment
14 Cataract } M 32 ll))t:m:nﬁa
- sychiatr
15 Cataract ™ 85 Vi{ual i;;;ii:gr‘:ms
16 Cataract 2M 79 Tremor
;Z g::::z: 4M 81 Visua{ impairment
b Sataract lg m 77 Psychiatric symptoms
57 Dementia
20 Cataract 14 M 64 Visual impairment
M, moanths,

cataract, and 50% of the ‘patients (7/14) presented with
visual disturbance as the initial symptom of sCJD
(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 months after sCTD onset. In our studies, <!
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 guidelines.® These inadequate
methods included the use of ethylene oxide gas and incom-
plete autoclaving. Neurosurgeons and ophthalmologists
must become better informed about prion diseases and the
necessity of using disposable instruments whenever pos-
sible. Furthermore, a more sensitive method for the early
diagnosis of sCJD is required, because clinical diagnosis
is sometimes difficult, particularly. in atypical sCJD
cases, which include the MM2, MV2, VVI, and VV2
phenotypes* according to six phenotypes of sCJD based
on codon 129 PrP polymorphisms and type of protease-
resistant PrP as determined by Western blotting * Evea
neurologists sometimes misdiagnose atypical sCID in
patients with other neurodegenerative disease, such as
Alzheimer’s disease or progressive supranuclear palsy.©

CONCLUSIONS

According to the conflicting results of case-control studies,
including ours, we cannot assért that medical procedures

© 2009 Japanese Society of Neuropathology

are risk factors for the development of sCID. However, the
fact that some sCJD 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
ta reduce the risk of transmission. In addition, careful long-
term surveillance of prion diseases is necessary.b
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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
Rockville, Md. The March 8-10 event provided]nformation on the elements
and steps involved in the biologics license application process as outlined
in a Food and Drug Administration guidance. The guidance pertains to the
manufacturing of minimally manipulated, unrelated, allogeneic
placental/umbilical cord blood and applicable regulatory requirements
compliance. A draft guidance on investigational new drug applications for
HPC-Cs was released at the same time as the licensure guidance and
provides recommendations for use of HPC-Cs that are not licensed but are
needed for treatment of a patient, with a serious or life-threatening disease
or condition. Participants raised concerns about the ability to meet the
October 2011 deadline to obtain a license for these products, 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 facility-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 aliogeneic cellular therapy products.

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
150
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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 concerns about quality or safety to
AABB, Standard 1.5 is included in the 26th edition of Standards for Biood
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 focuses on the changes in health care
leadership since President Obama took office — and how this affects the
transfusion and celiular therapy communities, in one articie, Howard Koh,
M‘D, MPH, assistant secretary for health at the U.S. Department of Health
and Human Services, speaks {0 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 Co}lins. MO,
PRD. This issue — to be mailed next week -— also includes an update on
the Donor Hemovigilance System and a column about how to record
references in standard operating procedures,

Hemovigilance System
One month following the launch of the Hemavigilance Module of the

Centers for Disease Contral and Prevention’s Nationat Healthcare Safety
Netwark, approximately 60 facilities have agreed to enroll. The module is a
surveillance system that altows for the real-time tracking of adverse events
associated with blood transfusions as well as the quick identification of
trends within a facility. All 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 o provide individual institutions with in-depth analyses and
recommendations for specific enhancements to patient safety and
reductions in. health care costs. To join, facilities should express their
interest to AABB and complete the Intent to Participate form. Assistance
with the NHSN enroliment process alsa is being offered by AABB.
Interested facilities should visit the AABB Web site or contact Barbee |.
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 announcement on
Wednesday alerting the medical community to potentially fatal risks of
intravascular hemolysis in patients being treated for immune
thrombaocytopenic purpura with WinRho SDF. in the announcement, FDA
indicated that the manufacturer and distributor of WinRho SDF, Cangene
Corparation and Baxter Healthcare Corporation, have sent a letter

" informing health care professionals that a new boxed warning has been

added to the product labeling, which specifies what complicationslcari
: 5
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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 ch'anges to the warhings, 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 iscimmunization.

Global Cellular Therapy Organizations Gather
New Data '
The Altiance for Harmonisation of Celiular Therapy Accreditation — of
which AABB is a member — has partnered with the World Marrow Donor
Assaciation to gather data on cellular therapy collection facilities. Collection
facilities are asked to complete a form 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 focated in the regulatory section of the WMDA Web site.

* MNIH Scientists Find New 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-iike brain deterioration characteristic 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 — known
as transmissible spongiform encephalopathies — primarily damage the
brain and include mad cow disease or bovine spongiform encephalopathy
in cattle, sporadic Creutzfeidt-Jakob disease and variant CJD. The study,
conducted by scientists at NiH's National Institute of Altergy and Infectious
Diseases and the Veterinary Laboratories Agency in Scottand, revealed
many of the usual signs of pﬁon disease. However, the sponge-like holes
in and around nerve cells typical of prion disease were not observed.
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 this study may help
scientists in developing therapies for prion diseases as welf as Alzheimer's
disease.

Demand for most frozen products is increasing; the need for
cryoprecipitate and fresh frozen plasma 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 cells continues to
climb.

AABB, 8101 Glenbrook Road, Bethesda, MD 20814
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aumber 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 facror
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 CJD-implicated batches of clotting factor
concentrates factor VIIL (FVII) and [X 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 Socierty.

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
vC]D (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 vC]D 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 vC]D 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 PrpPres
isoform characteristic of vCJD. ]

We report the laboratory findings in this study,
demonstrating for the first time the presence of PrpP
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
celatives 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 autopsy cases 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™*). Cases of clinically
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 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 fragmentlength polymorphism as
described previously [18].

NaPTA precipitation/Western blot analysis for PrP"e

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 FastPrep™ instrument
(Anachem, Cambridge, UK) and 500 wL samples of
this homogenate were analysed by sodium phospho-
tungsticacid precipitation followed by high-sensitivity
Western blotring (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. Asa positive control in the NaPTA/
WB analyses of either central nervous system tissue or
lymphoreticular rtissue, 10% {(wiv) vCJD  brain
homogenate (3 uL) was diluted into 500 pul 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 pLof2%
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 Prpre
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, 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.

Immunobhistochemistry and PET blotting

Paraffin-embedded tissue blot analysis was carried
out as described by us previously [21], tUsing a
modified version of the method of Schulz-Shaeffer er
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 ‘ . j

The high-sensitivity Western blot {NaPTA/WB) anal-
ysés were conducted on receipt of tissu¢ 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 immunoblot
typical for authentic PrP*. A smaller volume of the
positive homogenate (50 pL rather than 500 ML) was
re-analysed by NaPTA/WE 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 vCID, showing a pre-
dominance of the diglycosylated form of PrP™*.
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Table 1. Summary of frozen tissue samples analysed by NaPTA/WB for PP

Case numnber (PRNP codon 129) Tousil Spleen Lymph node Appendix Brain Bone marrow Gut
1(MV) - - _ _ %) - N
2 (MV) ) - /4 003 04 o8 - -
3(MV) o4 012 or4 - 012 - -
4 (MM) - - 0/ - /s - -
5 (MM) - - - - 08 - -
6 (VV) - 03 - 0/4 014 0/ e
7 (MM} 013 o) - o3 03 - -
8 (MM} - - - - 16 - -
9 (MV) - 1126 on - 011 - -
10°(MM) - or4 of4 - /8 - -

: : : ces
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 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 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 run
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 vC]D brain.

NaPTA/WB analysis of a further 22 samples taken
from the available spleen tissue from this case failed
to show any evidence 6f PrP™* (Table 1). Exhaustive
immunohistochemical and PET blot analysis of this

o ]

¢
& 0° J
\!p‘ JT) .(':or\b'u; C}
40w

30 waw

200‘“

Fig. 1. Sodium phosphorungstic acid (NaPTA) precipitation/
Western blotting analysis of spleen tissue samples for the presence
of protease-resistant prion protein (PrP™). A samwple of spleen
homogenate from case 9 {case sample) corresponding to 5 mg of
tissue was analysed alongside spleen samples from a control case
with non-CJD neurological disease {control} corcespording to
50 mg of tissue. One of the latrer 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 vC]D brain PrP™ cor-
responding to 100 pg of brain tissue, analysed without prior
NaPTA precipitation, was run in the lane marked ‘vCID stan-

- dard”. The molecular weight markers {in kDa) are shows in the
leftmost lane.

Haemophilia (2010), 1-9

158

tissue was similarly negative and NaPTA/WB, immu-
nohistochemistry.and PET blotting all failed to detect
the presence of PtP* 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 specimern, 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 alsomore predom-
inantly diglycosylated than the samples of vCJD
spleen PeD* used as positive contrals 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 PrP™ in the spleen was hetero-
zygous (methionine/valine) at this codon.

Immunobistochemistry and PET blotting

Immunchistochemistry and PET blot analysis on all
the PET blocks in this study were negative in all
cases, including the ¢ase in which PP 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 dertail as follows:
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PrP"™ glycoform ratios of vCJD cases (brain versus spleen)
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Fig. 2. Scartergram analysis of percentage diglycosylated and
percentage monoglycosylated isoforms found in individual cases of
variant Creutzfeldt-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
compaced with vCJD brain PrP™ without NaPTA precipitation
(dack blue ‘diamonds), vCJD brain PP™ diluted in non-CJD
neurological control spleen homogenate with NaPTA precipitation
(red squares), endogenous vCJD spleen PeP™ with NaPTA pre-
cipitation (yellow triangles). The glycoform'catio of spleen from a
single case af peeclinical vCJD infection following blood transfu-
sion in an asymptomatic PRNP codon 129 MV individua {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 FVIIL 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 ‘S00-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 vC]D-implicated FVIUI 8Y batches
in 1994 (Batch FHC 4237, 1000 units) and 1996
(Batch FHB 4547, 8025 units), the latter given overa
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 (S umits), 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 cesections 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 1o be in
pain with a blood pressure of 135/8¢ 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 S- 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
haentorrhagic 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 hacmophilia consid-
cred to be ar 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 trearment 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 vC]D-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
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 resule
had all of the expected characteristics of a true
positive result in terms of the electrophoretic mobil-
ity, abundance and glycoform ratio of vCJD PrPte,
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 cxpected
from a vCJD lymphoreticular tissue {6,8]. We
therefore conclude that the spleen of this case had a
highly discrete positive region with readily derectable
levels of PrP™, having a glycoform pattern typical of
vCJD. 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 2 donor who subsequently
died from vCJD [8]. In this case, the levels of Prpres
in the spleen were highly variable, with only one
of the eight regions tested giving a similar resulr
to the index case described above. Another five
regions sampled gave a weak PrP™ signal, while the
remaining two regions sampled were negative. The
eatlier 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 thatr the
distribution of PrP™ in the spleen of asymptomatic
patients fs 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 immunchistochemistry 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™ in the
spleen may be influenced by the PRNP codon 129
polymorphism, as the distibution 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 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 FVII], including two vCJD-impli-
cated batches. i

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 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 FVII, 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 haemopbhilia cohort.
FVIIl 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, tonsit or lymph node.
The interval berween teatment and death in that
patient was 3 years shorter than that in the patient
with PrP™* detected in the spleen in this study. The
vC]D 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 FVI{I
prepared from plasma pools that included donations
from a donor who went on to develop vCJD and was
presumed to have been infected ar the time of
donation. There is no chromatographic sytep in
the production of FVIII 8Y, which may reduce the
cleatance of any potential prion contamination.
However, as the plasma products concerned were
produced from very large pools of doners (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 individua) was
also exposed to infectivity in presently unimplicated
batches.

While there is clear evidence of the transmission
of vCID 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 transmission of vCJD by UK-sourced
plasma. Because of this uncertainty, precautionary
public health measures to prevent onward trane-
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 thar
may relate to the small dose of infectiviry likely to

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

Route Estimated risk Assumptions

Diet . 1in 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 inodel

biopsy {25,29)

[mplicated plasma
products [12,25]

>2 ID50s implies
infection very likely

Non-implicated plasma
products [12,25]

0.2-0.6 IDSO0s implies
risk of 1000-3000 in 10 000

(set 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 VIIL, to which
unidentified vCiD-infected donocs may have
contributed

vC]D, variant Creutzfeldt-Jakab disease.

*The assumed prevalence of vC]D infection in the general UK population is one in 10 000, based on an approximate avéragc value
between the results of the study by Hilton et al. {14] and the more recent Narional Tonsil Acchive 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 sutveillance 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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evaluations of clearance. Faster (15] also reviewed the significance of
the method of preparing the spiking material for clearance studiesbut
further research is required due to a lack of consensus. Although
infectious activity peaks markedly at 17-27 nm {16], our recent stu_dy
reveals that even a 15 nm filter could not remave all 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 removal capacity of 15 nm filter

To evaluate the quantitative removal capacity of a 15£2nm
virus removal filter virus removal filter (Pnanova 15 N, 0.001 m2,
(P-15 N), Asahi Kasei Medical Co., Ltd. Tokyo, J:pan) we used
a sample of the antithrombin preparation (Neuart®, Beneslls Corp.,
Osalca, 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 KK strain
infected hamsters in PBS (10% w/v) were centrifuged at low speed
(1,000 g for 20 min, at 4 °C) and the supernatant 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_povs{er
(20 kHz, 550 W, Misonix X12020, Qsonica LLC., USA) for 5 min with
2 min intervals every 1 min sonication {5 mi/tube without cyrn}:al
rod). The homogenate obtained was sequentially ﬁlteret_ﬂ 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
Western blotting (WB2 method in reference 14). An a‘nim?l
bioassay {BA) was also performed to deterrnine the reduction in
infectivity. For the BA, four to five-week old specific pathogen frlee
and viral antibody-free male Syrian hamsters were inoculated i.c.
with 0.05 mi/animal of the ten-fold serially diluted sample. Six
anjmals were used for each diluted sample. The animals were
monitored for general health and clinjcal signs, and euthanized
ance advanced clinical signs were evident or at the end of the assay
perfod (383 days). A histopathological analysis was perfurmed.an
all brains from animals sacrificed in the study and log reduction
factors were calculated following titre determinations by the
method. of Kirber, This investigational TSE clearance study was
performed In accordance with GLP and guidances at BioReliance,
Glasgow UK and Rockville US facilities [10.17,18].

2.2, Property of P-15 N-filtered samples

Todetermine the characteristics of prion infectivity in the fltrate,
an analysis of filtrates from additiona! spiked runs was perf'ormed by
ultracentrifugation and qualitative (200 days) infegdww assay.
Microsomal fraction as spiking material was prepared as d_escn\?ed
in 2.1 (without detergent treatrnent) following ultracentrifugation
to purify the microsomal fraction. The microsomal fraction was then
extensively sonicated at 20 kMz, 200 W (Bioruptor UCD-200 T
Cosmobio Co., Ltd., Japan), 10 min with 1 min intervals every 1 min
sonication (2 mi/tube with cymbal rod) and subsequently filtered
using 0.22 pm filters. This filtrate was used to spike samples. The
spiked (1:20 vjv) antithrombin samples were passed thmqgh
a 15 nm filter. The resultant log reduction factor by Western blotting
was >2.8 and infectivity was detected in the filtered sample [14]. The
filtered sample was ultracentrifuged at 150000 g for 60 min at4°C
and the pellet was resuspended with PBS. The resuspend‘ed pellet
and supernatant were inoculated i.c. to three female-specific 'path-
ogen-free Syrian Hamsters with 0.02 mlfanimal of these undituted
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samples. As a control, a nen-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 all sacrificed animals
was also performed described as previous study [14].

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

The ¢apacity to remove prions from the antithrombi{‘x prepara-
tions during Planova 15N filtration 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 runs,
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 results
demonstrate that even 15nm filtration may not be able t ~,
completely remove infectious prion (Table 1. (/‘
3.2. Qualitative removal capacity of 15 nm filter and subsequent
analysis of the filtered sample

To clarify the properties of the infectious prion, the pellgt and
supernatant derived from the 15 pm filtrate (using a sopxcatefi
microsomal spike material) after ultracentrifugation were investi-
gated. PrP™* was not detected by-Western blot assay either in the
filtrate, or in the supernatant and pellet by ultracentrifugation of
the filtrate. In contrast, infectivity was detected in all samples by
animal bioassay, a more sensitive assay method (Table 1). This
resuit showed that a certain amount of infectious prion was able to
penetrate the 15 nm virus remaval filter and was n_ot pelletgd by
ultracentrifugation. Of note, one of two animals which were inoc-
ulated with the supernatant showed slightly faster dI.SEF\Se
progression than other animals after the appearance of cl'xmcal
signs in the study. However, histopathological observations did not
show any clear differences between the supernatant and pellet
fractions after ultracentrifugation.

4. Discussion —

. . . vy
Clarification as to the real form of infectious prion protein if—

infectious human and -animal plasma is very important in order to

Tabte t )
Scrapie PrP® and infectivity in samples generated with 15am filtration an
subsequent uitracentrifugation

" U Qrantitative Qualitative
we A WB . BA
Spi-king matectal 7 lysolecithin trested and Extensively
Extensively sonicated sonfcated

Before filtrafion 8161 797 [ 830 36 +ve:
After filtratiod <26 <28 <325]430 <08 +ve!
Log reduction 2351235 »4.72 14,00 228 NA .
Peliét* T ONA NA <10 Hver
Supernatant® NA NA <10 +ve

+ve, scrapie positive. NA, not-applicable.
* :pellet fraction of uleracentrifuged filtrate,
b Supernatant fraction of ultracentrifuged fltrate. )
€ Clinical sign was observed fram 90 ~ 118 days post in!ecmp.
¢ Clinical sign was observed from 111 ~ 175 days post in{ectfon.
¢ Clinicat sign was observed from 111 ~ 113 days post lnrcculm
! Clinical sign was observed from 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
reparted, A genetically-modified animal plasma containing GPI-
anchor less prion protein had some infectivity [19,20], On the other
hand, a high titer of prion remained in the supernatant of an ultra-
centrifuged microsomal fraction derived from scrapie-infected brain,
although PrP™ was not detected by Western blot assay [21 }. Although
these results were obtained under experimental conditions, it
suggests that the infectious prion protein may existin animal plasma
as a soluble or sojuble-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-lile prion protein. To avoid over
estimating removal, pelleting of the spike by ultracentrifugation
should not be used. However, preparation methads or employing
treatment which generate small size of infectious prion such as
sonication andfor 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 spiking materials
derived from prion-infected brain are limited. We reported that
extensively-sonication andfor treatment with a detergent such as
sarkosyl and lysolecithin were useful for the preparation of spiking
material for analyzing particle size [ 14]. Hence, preparation methods
without pelleting the prion by uitracentrifugation or with the treat-
ment which genetates soluble-like prion in the supematant following
ultracentrifugation will lead ta more acceptable results for the eval-
uation of TSE removal, especially when an animal study is included.

In this study, we evaluated the prion removal performance of
nano-filtration on a lab scale using a 15 nm Planova filter and
a sample of antithrombin which was spilced with infectious prion
protein. Two types of spiking material were used. Both spiking
materials used in this study seemed to contain soluble-Iike 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 detected in the filtered process sample
of antithrombin preparations which was spiked with extensively
sonicated or detergentfsonication-treated spiling material.
Furthermore, the filtered sample was ultracentrifuged and subse-
quently 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 filtration 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 severa! different process steps for prion removal is
likely to improve the-removal of all forms of potential ‘prion
contamination and thus safegtiard against contarnination.

The resuits of this study alsa revealed that some infectious prion
protein was less than 15 nm in diameter, apparently as a low
molecular weight and/or soluble form. Unfortunately, the proper-
ties 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-
clally of the properties of soluble-like prion protein in blood and
plasma.
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Variant (JD in an individual heterozygous for PRNP codon 129

with a 13-month history of personality change, progressive
unsteadiness, and intellectual dedline. He complained of
severe leg pain and poor memory. 2 months later he de-
veloped visual halludnations 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 arms. His legs were severely ataxic with brisk
tendon reflexes and a left extensor plantar response. He
needed two crutches to walk, Medical history induded
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 nuclei than the caudate nuclei {figure B). Extensive
scareens for genetic, metabolic, and autoimmune diseases,
induding those induced by neoplasia, were negative. PRNP
analysis did not show any known. disease-assodated
mutations; codon 129 was heterozygous. A dinical diag-
nosis of variant Creutzfeldt-Jakob disease (vC]D) was made
on the basis of a characteristic clinical onset and progres-
sion, exclusion of other diagnoses, and MRI findings.
Sporadic CJD was judged unlikely given the combination
of young age, dlinical features, MRI findings, and absence
of pseudoperiodic 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

matter (FWM).

169

cavdate nucl , putamen (P), and right

Rawi Jurmpana, james Qverell, Richard Knight, John Colfinge, Peter Rudge

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. vCJD is generally seen in young adults, has charac
teristic neuropathological features and tissue distribution
of infectivity, and ‘a distinctive type 4 (London dlassifica-
tHon) molecular strain type.' A polymorphism at codon 129
(encoding methionine or valine) of the human prion
protein gene (PRNP), constitutes a powerful susceptibility
factor in all types of prion disease. In vC]D, every case.
genotyped to date has been methionine homozygous. I3 N
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 2
report of a recipient of a blood transfusion from a doner
incubating vCjD who died of unrelated causes but showed
signs of prion infecion 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 clinically silent
infection remains unclear. About 3 third of the UK
population are PRNP codon. 129 methionine homozygous.
Ifindividuals with other genotypes are similarly susceptible
to developing prion disease after BSE prion exposure, but

" with longer incubation periods, further cases, which may

or may not meet diagnostic criteria for vC]D, would be
expected in these PRNP codon 129 genotypes. However,
prion disease susceptibility and incubation periods are alg?
affected by other genetic lod, and the possibility rema
that cases of vCJD to date may have unusual combinations
of genotypes at these lod, yet to be fully characterised.
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A ProMED-mail post
<nttp://wwa.premedmail.org>

ProMED-mail is a program of the

International Society for Infectious Diseases

{With the continuing decline in the number of cases in the human

population of variant Creutzfeldt-Jakob disease ~- abbreviated

previously as vCJD or CJD (new var.) in ProMED-mail -- it has been

decided to broaden the scope of the occasional ProMED-mail updates to

include some other prion-related diseases. In addition to vCJID, data

on other forms of CJD: sporadic, iatrogenic, familial, ~and GSS
(Gerstmann-Straussler-Scheinker disease), are included also since .
they may have some relevance to the incidence and etioclogy of vCJID. - Mod.CP)

In this update: .

[1) UK: National CJD Surveillance Unit - monthly statistics as of 5 Jan 2010
[2] France: Institut de Veille Sanitaire.- monthly statistics as of 4 Jan 2010
[3] US National Priorn Disease Center - not updated since 7 Nov 2009

{4] Portuguese vCJID case - pathology

{5) vCJD codon 129 heterozygote

(6] vCJID codon 128 heterozygote - Lancet paper

{7) Prion evolution & a new reagent

ok
{1] UK: National CJD Surveillance Unit - monthly statistics as of 5 Jan 2010
Date: Tue 5 Jan 2010

Source: UK National CJD Surveillance Unit, monthly statistics [edited]
<httpi//www.cid.ed.ac.uk/figures. htm> -

The number of deaths due to definite or probable vCJD cases remains
166. A total of 4 definite/probable patients are still alive, so that
the total number of definite or precbable .vCJID cases remains 170 for
the yesar 2009.

Although 2 new cases VCJE were recorded in 2009, the overall picture
is still consistent with the view that the vCJD outbreak in the UK is
in decline, albeit now with a pronounced tail. The 1st cases were
observed in 13995, and the peak number of deaths was 28 in the year
2000, followed by 20 in 2001, 17 in 2002, 18 in 2003, 9 in 2004, 5 in
2005, 5 in 2006, 5 in 2007, one in 2008, and 2 in 2009.

Totals for all types of CJD cases in the UK in the year 2009

During the 12 months of 2009, there have been 143 referrals, 59 n.mmmm
of sporadic CJD, one case of familial CJD, one case of iatrogenic
CJD, 3 cases of GSS5, and 2 cases of VCJD,

Communicated by:
ProMED-mail <promedf@premedmail.ore>

LEE XN

{2} France: Institut de Veille Sanitaire -~ monthly statistics as of 4.Jan 2010
Date: Mon 4 Jan 2010 171 —
Source: IVS - Maladie de Creutzfeldt-Jakcb et maladies apparentees
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{in French, trans. & summ. Mod,CP]
<nttp://www.invs.sante. fr/display/?dog=publicaticns/msj/donnees wmcy. hitml>

A 30-year-old man thought to have died in January {2009] from vCJD
belonged to a genetic group that had not shown any signs of the

During the 12 months of 2009, there were 1486 referrals, 85 cases of disease, scientists say. In the UK, 166 people have died of vCJD,
sporadic CJD, 10 cases of familial CJD, 3 cases of iatrogenic CJD, : linked to éating BSE [bovine spongiform encephalopathy] infected

and 2 confirmed cases of vCJD. beef, and all were thought to have shared a certain gene.

A total of 25 cases of confirmed or probable vCJD has now been Writing in the Lancet, scientists say that the victim, a resident of,
recorded in France since 1997. The 25 confirmed cases comprise 13 Lanarkshire [Scotland), had a different version of the gene. They
females and 12 males. All 25 are now deceased., Their median age is 37 i estimate that up to 350 people in this group could get vCJID.
(between 13 and 58). Seven were resident in the Ile-de-France and 18 Scientists have always thought that a 2nd wave of vCJD cases would

in the provinces. All the identified cases have been Met-Met emerge some time after the 1st. This is the 1st indication that this
homozygotes. No risk factor has been identified. One of the 25 had theory is being born out, with the identification of the lst probable
made frequent visits to the United Kingdom. vCJID patient outside of the initial genetic group, BBC science

correspondent Pallab Ghosh reports.

Communicated by: The father believes his son was incubating the disease for much of
ProMED-mail <promed@promedmail.org> his life. It is probable because the diagnosis is based on
: observations of the progression of the disease rather than
b AR post-mortem tests which would have provided absolute confirmation of
[3] Us National Prion Disease Center - not updated since 7 Nov 2009 the disease, he adds.
Date: Sat 7 Nov 2009 .
Source: US National Prion Disease Pathology Surveillance Center [edited) The case report written by Professor John Collinge of the National
<nttp://www.cidsurveillance,com/paf/case-table.pdf> Prion Clinic and colleagues is a reminder that the disease has not
gone away. Many thousands of people may be carrying the infection,
. and although they will never show ahy symptoms, they have the B
(Report not updated since 7 Dec' 2009): During the period 1 Jan 2009 potential to infect others. 7
to 7 Nov 2009, there were 341 referrals, of which 198 were classified

as Prion disease, comprising 133 cases of sporadic CJD, 33 of vCJID is caused by infectious agents called prions. Prion diseases
familial CJD, and no cases of iatrogenic CJD or vCJD. . affect the structure of the brain or other neural tissue and are

- currently untreatable. Disease-causing prions are thought to consist
- of abnormally folded proteins, which spread by encouraging the normal

Communicated by: healthy prion protein found on the surface of most cells in the bedy

ProMED-mall *<promed@prome S to change shape. Tests showed that the patient had a heterozygous '
version of the gene which codes for the human prioen amino acids

h valine (V) or methionine (M). People can be V V (homozygous), M M

{4] Portuguese vCJD case - pathology . {homozygous) or M V (heterozygous). Since 1994, around 200 cases of

Date: Fri 1 Jan 2010 vCID have been identified worldwide, and all those tested have been M

Source: J Neurol Neurosurg Psychiatry 2010 Jan;81(1):112-4. [edited] - M homozygous. [However, genetic analysis of 2 out of 3 prion-positive

<hitp://3innp.bmi.com/contaent/81/1/112 abstract> appendix samples in the tissue-based prevalence stydy in 2001-2004

showed that both weére valine homozygous (VV) at codon 129 in the
prion protein gene (Ironside et al, Brit Med J 2006). - Mod.CP].

Title: Variant Creutzfeldt-Jakob disease: the first confirmed case However, this most recent victim was M/V heterozygous. It is theught
from Portugal shows early onset, 'long duration and unusual pathology. that 47 percent of the population have this version of the gene.
Professor Collinge said: "The majority of the UK population have
Authors: Barbot C, Castro L, Oliveira C, Carpenter S. potentially been exposed to BSE prions, but the extent of clinically
At: Department of Neuropaediatrics, Hospital Maria Pia, Porto, Portugal. silent infection remains unclear. About 1/3rd of the UK population
are M/M homozygous. If individuals with other genotypes [M/V-and V/V]
Summary: are similarly susceptible to developing prion disease after BSE prion
We present clinical and autopsy findings in the lst case of variant exposure, but with longer incubation periods, further cases would be expected.'
Creutzfeldt-Jakob disease diagnosed and confirmed in Portugal. Onset
was at.ll years, the earliest onset reported, and the course (32 : The scientists have previously looked at another prion disease in New
months) relatively long. Western blot showed protease resistant prion Guinea called “kuru" [which was induced by eating infected human
protein, mainly of type 4 (2B) isoform. The cerebral cortex revealed brain tissue. - Mod.CP]. The original cases were all M/M, but more
severe spongiform change with numerous amyloid plaques, which did not recently, M/V cases have appeared. They say this indicates that M/V
fit the definition of florid plaques. In the striatum, spongiform people can get prion diseases like kuru but have a much longerx
change was limited, but the extracellular space was dilated. Other incubation period.

reports have found wmarked spongiform change in the striatum and
little in the cortex. Massive neuronal loss, in excess of what has

been described, was found in the thalamus and pontine grey. The : Communicated by:

cerebellum showed, as expected, severe loss of granule cells, ProMED-mail <promed@promedmail.org>

moderate loss of Purkinje cells and marked immunopositivity for the

prion protein. Differences between our findings and previous ones [The abstract of the Lancet paper upon which the above report is
probably result from the patient's long survival. based is reproduced below. - Mod.CP}

- '&**Q*i

Communicated by: {6] vCJID codon 129 heterozygote - Lancet paper

Terry §. Singeltary Sr. <flounder%@verizcn.net> Date: Thu.1l8 Dec 2009

Source: Lancet 200 374: 2128 [edited]
) v ’ :

I
[5] vCJD codon 129 heterozygote
Date: Fri 19 Dec 2008 . :

Source: BBC News, Health eﬁ?ted] . [A Case Report publishedJ;E the 18 Dec 2008 issue of the Lancet by
<http://news.bbc.co.uk/1l/hi/health/8419959. . stm> Professor John Collinge, é Prion Unit and National Prion Clinic,

\
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UCL Institute of Neurology and National Hospital for Neurology and
Neurosurgery, London]

A 30-year-old man was admitted to hospital in June 2008 with a
13-month history of personality change, progressive unsteadiness, and
intellectual decline. He complained of severe leg pain and poor
' memory. Two months later, he developed 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 [a
rapid movement of the eye between fixation points). He had a pout
reflex. There was mild ataxia in the arms. His legs were severely
ataxic with brisk tendon reflexXes and a left extensor plantar
response. He needed 2 crutches to walk. Medical history included
tonsillectomy and removal of a cervical lymph node 15 years
previously, but he had never had a blood transfusion or received
implantation of other human tissues.

EEG showed slow wave activity. CSF protein, glucose, and cell count
were normal, but the 14-3-3 protein was positive. MRI [magnetic
resonance imaging] of the brain was consistent with the pulvinar sign
(illustrated in the original text). Although not all
neuroradiologists consulted considered the pulvinar sign positive,
quantitative assessment showed symmetrical higher signal in the
pulvinar nuclei than the caudate nuclei (illustrated in the original
text). Extensive screens for genetic, metabolic, and autoimmune
diseases, including those induced by neoplasia, were negative. PRNP
analysis did not show any known disease-associated mutations; codon
129 was heterozygous. A clinical diagnosis of variant
Creutzfeldt-Jakob disease (vCJID) was made on the basis of a
characteristic clinical onset and progression, exclusion of other
diagnoses, and MRI findings. Sporadic CJD was judged unlikely given
the combination of young age, clinical features, MRI findings, and
absence of pseudoperiodic complexes on EEG. His care givers 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 assocjiated
with propagation of infectious prions of many distinct strain types
{1). Since 1994, about 200 cases of vCJD, causally related to
exposure to bovine spongiform encephalopathy ({BSE) prions, have been
identified world-wide. vCJD is generally seen in young adults, has
characteristic neuropathological features and tissue distribution of
infectivity, and-a distinctive type 4 (London classification)
molecular strain type (1). A polymorphism at codon 129 (encoding
methionine or valine) of the human prion protein gene (PRNP)
sconstitutes a powerful susceptibility factor in all types of prion
disease. In vCJD, every case genotyped to date has been methionine
homozygous. In the other acquired prion diseases, cases have occurred
in-all genotypes but with different mean incubation periods (1),
which can span decades (2): PRNP codon 129 heterozygotes generally have!
the longest incubation periods. There is a report of a recipient of

a blocd transfusion from a denor incubating vCJID who died of
unrelated causes but showed signs of prion infection at autopsy and
was PRNP codon 129 heterozygous (3). Animal studies have suggested
that different clinicopathological phenotypes could occur in people
with various PRNP codon 129 genotypes (4,5). The majority of the UK
population have potentially been exposed to BSE prions buf the extent
of clinically silent infection remains unclear. About 1/3rd of the UK
population are PRNP codon 129 methionine homozygous. If individuals
with other genotypes {V/V or V/M] are similarly susceptible to ‘
developing prion disease after BSE prion exposure, but with longerx
incubation periods, further cases, which may or may not meet
diagnostic criteria for vCJD, would be expected in these PRNP codon
129 genotypes., However, prion disease susceptibility and incubation
periods are also affected by other genetic loci, and the possibility
remains that cases of vCJD to date may have unusual combinations of
genotypes at these loci, yet to be fully characterised.
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[To put this work in perspective, parts of a British Medical Journal
editorial by Maurizioc Pocchiari are reproduced below. - Mod.CP.

Date: 21 May 2009
Source: BMJ 2009;338:b435 {edited) .
<http://wwd biei.com/egi/content/Iull/ 338/ reay2l 2/b435>

"Prevalence of variant CJD in the UK

The number of cases of variant Creutzfeldt-Jakob disease (vCJID) in
the United Kingdom has decreased since 2000, but controversy remains
about how many people carry the infectious agent and will eventually
develop disease. Clewley and colleagues in a limited study add to the
debate by asséssing 63 007 pairs of tonsils for the only available
marker of prion disease, the pathological, partially protease
resistant, prion protein. Although more than half of the samples came
from people born between 1961 and 1995, when the risk of exposure to
bovine spongiform encephalopathy (BSE) infection was high, no
convincingly positive tonsil specimens were detected. This study
estimated that the prevalence of vCJD in the British population is
zero, but with a large confidence interval of 0 to 113 per million.

This result agrees with one UK survey of 2000 tonsil specimens, but

it differs from another survey of 1427 tonsils and 11 247 appendices,
which found that more than 10 000 people might be incubating the
disease. However, despite the discrepancy, the 95 percent confidence
intervals of the 2 studies overlap, indicating that the results do

not differ significantly and that many people in the UK may be carriers.

The chance that no one in the UK is incubating the disease, as

suggested by the lower confidence limit of Clewley and colleagues'
study, is unlikely because backup calculations predict up to 100 new
cases of vCJID in the next 50 years. This prediction seems reasonable
unless most cases of vCJID were missed by surveillance in the past years.

Until Decenber 2008, all 210 people reported. to have vCID (164 in the
UK, 46 in other countries) were homezygous for methionine at the
polymorphic codon 1289 of the prion protein gene (PRNP), suggesting
that genetic factors strongly influence the development of disease.
Whether people who are heterozygous for methionine and valine or
homozygous for valine at this codon (about 60 percent of the
population) will develop vCJD in the future is still unknown..
However, data from gene targeted transgenic mice indicate :that these
people are also susceptible to BSE and vCJID, although incubation
perieds. are longer than ir7%?ose who are homozygous for methionine."
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Interested readers should consult the original article for further
information and references. -~ Mod.CP)

e
[7] Prion evolution & a new reagent

Date: 1 Jan 2010

Source: BBC Health News [edited]
<http://news.bbc.co.uk/1/hi/health/B425320. st

Abnormal prion proteins cause at least 20 fatal diseases. Scientists
have shown for the lst time that "lifeless" prion proteins, devoid of
all genetic material, can evolve just like higher forms of life. The
Scripps Research Institute in the US says the prions can change to
suit their environment and go on to develop drug resistance.

Prions are associated with 20 different brain diseases in humans and
animals. The scientists say their work suggests new approaches might
be necessary to develop therapies for these diseases. In the study,
published in the journal Science [see below], the scientists
transferred prion populations from brain cells to other cells in
culture and observed the prions that adapted to the new cellular
environment out-competed their brain-adapted counterparts. When
returned to the brain cells, the brain-adapted prions again tock over
the population.

Charles Weissmann, head of Scripps Florida's department of
infectology who led the study, said: "On the face of it, you have
exactly the same process of mutation and adaptive change in prions as
you see in viruses. This is a timely reminder that prion concerns are
not going away and that controls to stop abnormal prions being
transmitted to humans through the food system or through blood
transfusions must be vigorously maintained.”

Professor John Collinge, Medical Research Council Prion Unit stated -
that: "This means that this pattern of Darwinian evolution appears to
be universally active. In viruses, mutation is linked to changes in
nucleic acid sequence that leads to resistance. Now, this
adaptability has moved one level down -- to prions and protein
folding ~- and it's clear that you do not need nucleic acid (DNA or
RNA)} for the process of evolution.”

Mammalian cells normally produce cellular prion protein or PrPC.
During infections, such as the human form of mad cow disease, known
as vCJD, abnormal or mis-folded proteins convert the normal host
prion protein into its toxic form by changing its conformation or
shape. "It was generally thought that once cellular prion protein was
converted into the abnormal form, there was no further change,” Prof.
Weissmann said. "But there have been hints that something was
happening. When you transmit prions from .sheep to mice, they become
more virulent over time. Now we know that the abnormal prions
replicate and create variants, perhaps at a low level initially. But
once they are transferred to a new host, natural selection will
eventually choose the more virulent and aggressive variants."

Professor John Collinge, of the Medical Research Council's (MRC) -
Prion Unit, described the research as exciting confirmation of a
hypothesis that he had proposed 2 years ago, that there could be a
"cloud” or whole array of prion proteins in the body. He called it
the cloud hypothesis: "The prion protein is not a clone, it is a
quasi-species that can create different protein strains even in the
same animal. The abnormal prion proteins multiply by converting
normal prion proteins. The implication of Charles Weissmann's work is
that it would be better to cut off that supply of normal prion
proteins rather than risk the abnormal prion adapting to a drug and
evolving into a new more virulent form. You would do this by trying
to block the sites on the normal prion protein that the abnormal form
locks on to to do its conversion. We know there is an antibody that
can do this in mice, and the Medical Research Council's Prion Unit
have managed to engineer a human antibody to do this. It is currently
undergoing safety tests, and we hope to move to clinical trials by
the end of 2011." ’

Professor Collinge said thp7MRC was also trying to find more
conventional chemical compounds to do this and has been collaborating
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with the chemical company GlaxoSmithkKline (GSK). He said: "Tﬁey‘have
given us access to their chemical libraries, which contain millions
of compounds, and we have already identified some that may work well.
This is a timely reminder that prion concerns are not going away and
that controls to stop abnoimal prions being transmitted to humans
through the food system or through blood transfusions must be
vigorously maihtained.”

Communicated by:
ProMED-mail <

[The abstract and the reference for the Science paper descried above
are the follewing: Science DOI: 10.1126/science.1183218, Published
Online 31 Dec 2009.

tp://waw.science (. org/cgi/content/abstract/science.1183218>.
Darwinian Evolution of Prions in Cell Culture. By Jiali Li, shawn
Browning, Sukhvir P. Mahal, Anja M. Oelschlegel, Charles Weissmann
At: Department of Infectology, Scripps Florida, 130 Scripps Way,
Jupiter, FL 33458, USA.

Abstract: "Prions are infectious proteins consisting mainly of PrPSc,
a sheet-rich conformer of the normal host protein PrPC, and occur .in
different strains. Strain identity is thought to be encoded by PrESc
conformation. We found that biologically cloned prion populations
gradually became heterogeneous by accumulating “mutants,” §nd
selective pressures resulted in the emergence of different mutants as
major constituents of the evelving population. Thus, when transferred
from brain to cultured cells, "cell-adapted" prions out competed
their "brain-adapted" counterparts, .and the opposite occurred ﬁhen
prions were returned from cells to brain. Simjlarly, the inhibitor
swainsonine selected for a resistant substrain, whereas in its
absence, the susceptible substrain outgrew its resistant counterpart.
Prions, albeit devoid of a nucleic acid genome, are thus subject to
mutation and selective amplification.”

From a theoretical standpoint, this work has great significance.
Nonetheless, the immediate interest of the BBC News report is the
information that Professor John Collinge's MRC group has succeeded in
engineering & humanised monoclonal antibody that interacts with the
sites. on' the normal prion protein that the abnormal form locks onto
to achieve its conversion and that it is hoped eventually to move to
clinical trials of this reagent. - Mod.CP] .
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The committee had previously recommended the introduction of double dose red
cells (DDRC) as a vCJD risk-reduction measure for under 16s and patients with
haemoglobinopathies. SaBTO recommended that DDRC be rescinded for those
groups receiving prion filtered biood. ’
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Variant CjD'in an 5%<Ecm_ heterozygous for PRNP codon 129

Dicgo Kaski, Siman #ead, Hazpreet Hyare, Serah Canger, Rovi Jumpana, james Overell, Richard Knight, Joha Collinge, Peter Rudge

A 30-year-old man was admitted to hospital in june, 2008,
with a 13-month history of personality change, progressive
unsteadiness, and intellectual decline. He complained of
severe leg pain and poor memory, 2 months later he de-
veloped visual halludnations and falsely believed he had
an abdominal turour. Symptomns 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 arms. His legs were severely ataxic with brisk
tendon reflexes and a left extensor plantar response. He
needed two crutches to walk. Medical history induded
tonsillectomy and removal of a cervical lymph node
1S years previously but he had never had a blood trans-
fusion or received implantation of other human 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 nudei than the caudate nudei {figure B). Extensive
screens for genetic, metabolic, and autoimmune diseases,
induding those induced by neoplasia,-were negative. PRNP
analysis did not show any known disease-assodiated
mutations; codon 129 was heterozygous. A dinical diag.
nosis of variant Creutzfeldt-Jakob disease (vCJD) was made
on the basis of a characteristic clinical onset and progres-
sion, exclusion of other diagnoses, and MRI findings.
Sporadic CJD was judged unlikely given the combination
of young age, dinical features, MRI findings, and absence
of pseudoperiodic 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)tncreased signal intensity in the pulvinar nudleus bitateratly (armow).
(B) MR signal intensity in the pulvinar (Pu) is higher than in the head of the
caudate nuctei {C), putamen (P), and right frontal white matter (FWM). '
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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 classifica-
Hon) molecular strain type.' A polymarphism at codon 129
(encoding methionine or valine) of the human prion
protein gene (PRNP), constitutes 2 powerful susceptibility
factor in ali 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 blood transfusion from a donor
incubating vCJ D who died of unrelated causes but showed
signs of prion infecton 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 hormozygous.
Ifindividuals with other genotypes are similarly susceptible
to developing prion disease after BSE prion exposure, but
with longer incubation periods, further cases, which may
or.may not meet diagnostic criteria for vCJD, would be
expected in these PRNP codon 129 genotypes. However,
prion disease susceptibility and incubation periods are al
affected by other genetic lod, and the possibility remaii::;
that cases of vCJD to date may have unusual combinations
of genotypes at these lod, yet to be fully characterised.
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and preparation of the report. Written consent to publish was obtained..
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‘A ProMED-mail post

<http://wew.premedmail.org>

ProMED-mail is a program of the

International Society for Infectious Diseases
<http://www.isid.org>

{With the continuing decline in the number of cases in the human
population of variant Creutzfeldt-Jakob disease -- abbreviated
previously as vCJD or CJD (new var.) in ProMED-mail -~ it has been
decided to broaden the scope of the occasional ProMED~mail updates to
include some other prion-related diseases. In addition to vCJD, data
on other forms of CJD: sporadic, iatrogenic, familial, and GSS
{(Gerstmann-Straussler-Scheinker disease), are included also since .
they may have some relevance to the incidence and etioclogy of vCID. -~ Mod.CP]

In this update:

{1} UK: National CJD Surveillance Unit - monthly statistics as of 5 Jan 2010
[2] France: Institut de Veille Sanitaire.- monthly statistics as of 4 Jan 2010
[3] US National Prion Disease Center - not updated since 7 Nov 20089 .
[4] Portuguese vCJD case - pathology

[S] vCJID codon 129 heterozygote

{61 vCJID codon 129 heterozygote - Lancet paper

Hqu,wnwo: evolution & a new reagent

PN
{1] UK: National CJD Surveillance Unit - monthly statistics as of S Jan 2010

Date: Tue 5 Jan 2010
Source: UK National CJD Surveillance Unit, monthly statistics [edited]
<htrp://www.cid.ed,ac.uk/figures.htn> .

The number of deaths due to definite or probable vCJD cases remains
166. A total of 4 definite/probable patients are still alive, so that
the total number of definite or probable .vCJD cases remains 170 for
the year 2008. .

Although 2 new cases VvCJE were recorded in 2009, the overall picture
is still consistent with the view that the vCJD outbreak in the UK is
in decline, albeit now with a pronounced tail. The lst cases were
observed in 19935, and the peak number of deaths was 28 in the year
2000, followed by 20 in 2001, 17 in 2002, 18 in 2003, S8 in 2004, 5-'in
2005, S in 2006, 5 in- 2007, one in 2008, and 2 in 2009.

Totals for all types of CJD cases in the UK in the year 2008

During the 12 months of 2009, there have been 143 referrals, 59 cases
of sporadic CJD, one case of familial CJD, one case of jatrogenic
CJID, 3 cases of G55, and 2 cases of vCJD.

Communicated by:
ProMED-mail <promedfpromedmail.org>

.
[2) France: Institut de Veille Sanitaire - monthly statistics as of 4 Jan 2010
Date: Mon 4 Jan 2010 171 —

Source: IVS - Maladie de Creutzfeldt-Jakob et maladies apparentees
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[in French, trans. & summ. Mod.CP]
<http://www.invs.sante.fr/display/2doc=publicaticns/mci /donnees mej . html>

A 30-year-old man thought to have died in January [2009] from vCJD
belonged to a genetic group that had not shown any signs of the

During the 12 months of 2009, there were 1486 referrals, 85 cases of disease, scientists say. In the UK, 166 people have died of vCJD,
sporadic CJD, 10 cases of familial CJD, 3 cases of iatrogenic CJD, linked to eating BSE [bovine spongiform encephalopathy] infected

and 2 confirmed cases of vCJD. beef, and all were thought to have shared a certain gene.

A total of 25 cases of confirmed or probable vCJD has now been Writing in the Lancet, scientists say that the victim, a resident of,
recorded in France since 1997, The 25 confirmed cases comprise 13 Lanarkshire (Scotland], had a different version of the gene. They
females and 12 males. All 25 are now deceased. Their median age is 37 estimate that up to 350 people in this group could get vCJD.
(between 19 and 58). Seven were resident in the Ile-de-France and 18 Scientists have always thought that a 2nd wave of vCJD cases would

in the provinces. All the identified cases have been Met-Met emerge some time after the 1st. This is the lst indication that this
homozygotes. No risk factor has been identified. One of the 25 had theory is being born out, with the identification of the lst probable
made frequent visits to the United Kingdom: vCJID patient outside of the initial genetic group, BBC science

correspondent Pallab Ghosh reports.

Communicated by: The father believes his son was incubating the disease for much of

ProMED-mail <promed@promedmail.org> his life. It is probable because the diagnosis is based on
observations of the progression of the disease rather than

WAL AR S , - post-mortem tests which would have provided absolute confirmation of

[3) Us National Prion Disease Center - not updated since 7 Nov 2009 the disease, he adds.

Date: sat 7 Nov 2009

Source: US National Prion Disease Pathology Surveillance Center [edited] The case report written by Professoxr John Collinge of the National

<nttp://www.cjdsurveillance.com/pdf/case-table.pdf> Prion Clinic and colleagues is a reminder that the disease has not

gone away. Many thousands of people may be carrying the infection,
and although they will never show any symptoms, they have the

(Report not updated since 7 Dec 2009): During the period 1 Jan 2009 potential to infect others. w7
to 7 Nov 2003, there were 341 referrals, of which 198 were classified

as Prion disease, comprising 133 cases of sporadic CJD, 33 of : . VvCJID is caused by infectious agents called prions. Prion diseases

familial CJD, and no cases of iatrogenic CJD or vCJD. . affect the structure of the brain or other neural tissue and are
currently untreatable. Disease-causing prions are thought to consist

- ’ of abnormally folded proteins, which spread by encouraging the normal

Communicated by: healthy prion protein found on the surface of most cells. in the body

ProMED-mail <promed@premedmail.org> to change shape. Tests showed that the patient had a heterozygous ‘
version of the gene which codes for the human prion amino acids

HaA valine (V) ox methionine (M). People can be V V (homozygous), M M

(4] Portuguese vCJID case - pathology (homozygous) or M V {heterozygous). Since 1894, around 200 cases of

Date: Fri 1 Jan 2010 vCJID have been identified worldwide, and all those tested have been M

Source: J Neurol Neurosurg-Psychiatry 2010 Jan;81(1):112-4. [edited] M homozygous. [However, genetic analysis of 2 out of 3 prion-positive

<http://innp.bmi.com/content/81/1/117, abstract> appendix samples in the tissue-based prevalence study in 2001-2004

showed that both were valine homozygous (VV) at codon 129 in the
prion protein gene .(Ironside et al, Brit Med J 2006). - Mod.CP}.

Title: Variant Creutzfeldt-Jakob disease: the first confirmed case However, this most recent victim was M/V heterozygous. It is thought
from Portugal shows early onset, long duration and unusual pathology. that 47 percent of the population have this version of the gene.

Professor Collinge said: "The majority of the UK population have
Authors: Barbot C, Castro L, Oliveira C, Carpenter S. potentially been exposed to BSE prions, but the extent of clinically
At: Department of Neuropaediatrics, Hospital Maria Pia, Porto, Portugal. silent infection remains unclear. About 173rd of the UK population

are M/M homozygous. If individuals with other genotypes [M/V- and V/V] R
Summary: are similarly susceptible to developing prion disease after BSE prion e
We present clinical and autopsy findings in the 1lst case of variant exposure, but with longer incubation periods, further cases would be expected.
Creutzfeldt-Jakob disease diagnosed and confirmed in Portugal. Onset
was at.11 years, the earliest onset reported, and the course (32 The scientists have previously looked at another prion disease in New
months) relatively long. Western blot showed protease resistant prion Guinea called "kuru" {which was induced by eating infected human
protein, mainly of type 4 (2B) isoform. The cerebral cortex revealed brain tissue, - Mod.CP]. The original cases were all M/M, but more
severe spongiform change with numerous amyloid plaques, which did not ) recently, M/V cases have appeared. They say this indicates that M/V
fit the definition of florid plaques. In the striatum, spongiform people can get prion diseases like kuru but have a much longer
change was limited, but the extracellular space was dilated. Other incubation period.

reports have found marked spongiform change in the striatum and
little in the cortex. Massive neuronal loss, in excess of what has N

been described, was found in the thalamus and pontine grey. The + Communicated by: R

cerebellum showed, as expected, severe loss of granule cells, ProMED-mail <promed@preicedmail.org>

moderate loss of Purkinje cells and marked immunopositivity for the

prion protein. Differences between our findings and previous ones (The abstract of the Lancet paper upon which the above report is
probably result from the patient's long survival. based is reproduced below. - Mod.CP]

- Ak

Communicated by: ! [6] vCID coden 129 heterozygote - Lancet paper

Terry S. Singeltary Sr. <flounder%@verizon.net> Date: Thu 18 Dec 2009

Source: Lancet 2009; 374: 2128
i r h¥

S ipye

[edited]

*kokk ko

[5) vCJID coden 129 heterozygote
Date: Fri 19 Dec 2009 )
Source: BBC News, Health fepjted] {A Case Report, published,ipsthe 18 Dec 2009 issue of the Lancet by
<http://news.bbc.co.uk/Ll/hi/health/8419459, stn> Professor John CollingE,1;§§ Prion Unit and National Prion Clinic
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UCL Institute of Neurology and National Hospital for Neurology and
Neurosurgery, London}

A 30-year-old man was admitted to hospital in June 2008 with a
13-month history of personality change, progressive unsteadiness, and
intellectual decline. He complained of severe leg pain and poor
Mhemory. Two months later, he developed 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 [a
rapid movement of the eye between fixation points). He had a pout
reflex. There was mild ataxia in the arms. His legs were severely
ataxic with brisk tendon reflexes and a left extensor plantar
response. He needed 2 crutches to walk. Medical history included
tonsillectomy and removal of a cervical lymph node 15 years
previously, but he had never had a blood transfusion or received
implantation of other human tissues.

EEG showed slow wave activity. CSF protein, glucose, and cell count
were normal, but the 14-3-3 protein was positive. MRI [magnetic
resonance imaging] of the brain was consistent with the pulvinar sign
(illustrated in the original text). Although not all
neuroradiologists consulted considered the pulvinar sign positive,
quantitative assessment showed symmetrical higher signal in the
pulvinar nuclei than the caudate nuclei (illustrated in the original
text). Extensive screens for genetic, metabolic, and autoimmune
diseases, including those induced by neoplasia, were negative. PRNP
analysis did not show any known disease-associated mutations; codon
129 was heterozygous. A clinical diagnosis of variant
Creutzfeldt-Jakob disease (vCJID) was made on the basis of a
characteristic clinical onset and progression, exclusion of other
diagnoses, and MRI findings. Sporadic CJD was judged unlikely given
the combination of young age, clinical features, MRI findings, and
absence of pseudoperiodic complexes on EEG. His care givers 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 many distinct strain types
(1) . Since 1994, about 200 cases of vCJID, causally related to
exposure to bovine spongiform encephalopathy (BSE) prions, have been
identified world-wide. vCJD is generally seen in young adults, has
characteristic neuropathological features and tissue distribution of
infectivity, and a distinctive type 4 (London classification)
molecular strain type (1). A polymorphism at codon 129 {encoding
methionine or valine) of the human prion protein gene (PRNP)
constitutes a powerful susceptibility factor in all types of prion
disease. In vCJD, every case genotyped to date has been methionine
homozygous. In the other acquired prion diseases, cases have occurred
in ‘all genotypes but with different mean incubation periods (1),
which can span decades (2)}; PRNP codan 129 heterozygotes generally have!

the longest incubation periods. There is a report of a recipient of

a blood transfusion from a denor incubating vCJD who died of '
unrelated causes but showed signs of prion infection at autopsy and
was PRNP codon 129 heterozygous (3). Animal studies have suggested
that different clinicopathological phenotypes could occur in people
with various PRNP codon 129 genotypes (4,5). The majority of the UK
population have potentially been exposed to BSE prions but the extent
of clinically silent infection remains unclear. About 1/3rd of the UK
population are PRNP codon 129 methionine homozygous. If individuals
with other genotypes [V/V or V/M] are similarly susceptible to
developing prion disease after BSE prion exposure, but with longer
incubation periods, further cases, which may or may not meet
diagnostic criteria for vCJID, would be expected in these PRNP codon
129 genotypes. However, prion disease susceptibility and incubation
periods are also affected by other genetic loci, and the possibility
remains that cases of vCJD to date may have unusual combinations of
genotypes at these loci, yet to be fully characterised.
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[To put this work in perspective, parts of a British Medical Journal
editorial by Maurizio Pocchiari are reproduced below. - Mod.CP.

Date: 21 May 2009
Source: BMJ 2009;338:b435 [edited] ) .
<http://www.hmi.com/cci/conteg:/full/336/may2l 2/5435>

"Prevalence of variant CJD in the UK

The number of cases of variant Creutzfeldt-Jakob disease (vCJD) iy
,the United Kingdom has decreased since 2000, but contr?Vexsy remains
about how many people carry the infectious agent and will eventually
develop disease, Clewley and colleagues in a limited study aéd to the
debate by assessing 63 007 pairs of tonsils for‘the only available
marker of prion disease, the pathological, partially protease
resistant, prion protein. Although more than half Qf the samples. came
from people born between 1961 and 1935, when the risk 9f exposure to
bovine spongiform encephalopathy (BSE) infection was hlgﬁ, no
convincingly positive tonsil specimens were detected. This sFudy'
estimated that the prevalence of vCJD in the British populat%on.ls
zero, but with a large confidence interval of § to 113 per million.

This result agrees with one UK survey of 2000 tonsil specimens, ?ut

it differs from another survey of 1427 tonsils and 11 247 appendl;es,
which found that more than 10 000 people might be incubating tbe
disease. However, despite the discrepancy, the 95 percent confidence
intervals of the 2 studies overlap, indicating that the results do )

not differ significantly and that many people in the UK may be carriers.

The chance that no one in the UK is incubating the disease, as

suggested by the lower confidence limit of Clewleyvénd colleagues'
study, is unlikely because backup calculations predict up to 100 new
cases of vCJID in the next 50 years. This prediction seems reasonable
unless most cases of vCJID were missed by surveillance in the past years.

Until December 2008, all 210 people reported to have vCJID (164 in the
UK, 46 in other countries) were homozygous for methionine at th§
polymorphic coden 129 of the prion protein gene (PRNP), suggéstlng
that genetic factors strongly influence the development of.dlsease.
Whether people who are heterozygous for methionine and valine or
homozygous for valine at this codon {about 60 pez;ent of the:
population) will develop vCID in the future is still unknown.. .
However, data from gene targeted transgenic mice indicete tha? thes
people are also susceptible to BSE and vCJID, although 1ncuba§10§ .
periods. are longer than ir7%?ose who are homozygous for methionine.
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Interested readers should cénsult the original article for further
information and references. - Mod.CP]

Ak Ak
(7] Prion evolution & a new reagent

Date: 1 Jan 2010

Source: BBC Health News [edited]
<http://news.bbc.ce.uk/1/ni/health/8425320, stm>

Abnormal prion proteins cause at least 20 fatal diseases. Scientists
have shown for the lst time that "lifeless" prion proteins, devoid of
all genetic material, can evolve just like higher forms of life. The
Scripps Research Institute in the US says the prions can change to
suit their environment and go on to develop drug resistance.

Prions are associated with 20 different brain diseases in humans and
animals. The scientists say their work suggests new approaches might
be necessary to develop therapies for these diseases. In the study,
published in the journal Science [see below], the scientists
transferred prion populations from brain cells to other cells in
culture and obsexved the prions that adapted to the new cellular
environment out-competed their brain-adapted counterparts. When
returned to the brain cells, the brain-adapted prions again took over
the populatien.

Charles Weissmann, head of Scripps Florida's department of
infectology who led the study, said: "On the face of it, you have
exactly the same process of mutation and adaptive change in prions as
you see in viruses. This is a timely reminder that prion concetns are
not going away and that controls to stop abnormal prions being
transmitted to humans through the food system or through blood
transfusions must be vigorously maintained.”

Professor John Collingé, Medical Research Council Prion Unit stated -
that: "This means that this pattern of Darwinian evolution appears to
be universally active. In viruses, mutation is linked to changes in
nucleic acid sequence that leads to resistance. Now, . this
adaptability has moved one level down -- to prions and protein
feolding -~ and it's clear that you do not need nucleic acid (DNA or
RNA) for the process of evolution."

Mammalian cells normally produce cellular prion protein or PrpC.
During infections, such as the human form of mad cow disease, known
as vCJD, abnormal or mis-folded proteins convert the normal host
prion protein inte its toxic form by changing its conformation or
shape. "It was generally thought that once cellular prien protein was
converted into the abnormal form, there was no further change," Prof.
Weissmann said. "But there have been hints that something was
happening. When you transmit prions from sheep to mice, they become
more virulent over time. Now we know that the abnormal prions
replicate and create variants, perhaps at a low level initially. But
once they are transferred to a new host, natural selection will
eventually choose the more virulent and aggressive variants.”

Professor John Collinge, of the Medical Research Council's {MRC) ~
Prion Unit, described the research as exciting confirmation of a
hypothesis that he had proposed 2 years ago, that there could be a
"cloud" or whole array of prion proteins in the body. He called it
the cloud hypothesis: "The prion protein is not a clone, it is a
quasi-species that can create different protein strains even in the
same animal. The abnormal prion proteins multiply by converting
normal prion proteins. The implication of Charles Weissmann's work is
that it would be better to cut off that supply of normal prion
proteins rather than risk the abnormal prion adapting to a drug and
evolving into a new more virulent form. You would do this by trying
to block the sites on the normal prion protein that the abnormal form
locks on to to do its conversion. We know there is an antibody that
can do this in mice, and the Medical Research Council's Prion Unit
have managed to engineer a human antibody to do this. It is currently
undergoing safety tests, and we hope to move to clinical trials by
the end of 2011."

Professor Collinge said thp7¥RC was also trying to find more
conventional chemical compounds to do this and has been collaborating

/9 "=
with the chemical company GlaxoSmithKlirie (GSK}. He said: “"They have
given us access to their chemical libxa;ies, which contain millions
of compounds, and we have already identified some that may work well.
This is a timely reminder that prion concerns are not going away and
that controls to stop abnoimal prions being transmitted to humans
through the food system or through blood transfusions must be
vigorously maintained."”
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{The abstract and the reference for the Science paper descried above
are the following: Science DOI: 10.1126/science.1183218, Published
Online 31 Dec 2009.
<http://www.sciencermag.ord/cyi/content/abstract/science.1183218>,
Darwinian Evolution of Prions in Cell Culture. By Jiali Li, Shawn
Browning, Sukhvir P. Mahal, Anja M. Oelschlegel, Charles Weissmann
At: Department of Infectology, Scripps Florida, 130 Scripps Way,
Jupiter, FL 33458, USA.

Abstract: "Prions are infectious proteins consisting mainly of PrPSc,
a sheet-rich conformer of the normal host protein PrPC, and occur .in
different strains. Strain identity is thought to be encoded by PrPSc
conformation. We found that biologically cloned prion populations
gradually became heterogeneous by accumulating "mutants,” and
selective pressures resulted in the emergence of different mutants as
major constituents of the evolving population. Thus, when transferred
from brain to cultured cells, "cell-adapted" prions out competed
their "brain-adapted" counterparts, and the opposite occurred when
prions were returned from cells to brain. Similarly, the inhibitor
swainsonine selected for a resistant substrain, whereas in its
absence, the susceptible substrain outgrew its resistant counterpart.
Prions, albeit devoid of a nucleic acid genome, are thus subject to
mutation and selective amplification."”

From a theoretical standpoint, this work has great significance.
Nonetheless, the immediate interest of the BRC News report is the
information that Professor John Collinge's MRC group has succeeded in
engineering a humanised monoclonal antibody that interacts with the
sites on the normal prion protein that the abnormal form locks onto
to achieve its conversion and that it is hoped eventually to move to
clinical trials of this reagent. - Mod.CP}
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