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this genetic locus. People infected with vGJD with a
valine homozygous codon 129 PRNP genotype may
have a prolonged incubation period, during which
horizontal spread of the infection could oceur either
from blood dopations or fromn contaminated surgical
instruments used on, these individuals during the
asymptomatic phase of the illness.

Introduction

In a prevalence study for variant Creutzleldi-Jakab
disease (vCJD), we identified three appendixes that
stained positively for disease associated prion protein
(P1P). We looked at 12 674 specimens (11 109 appendi-
ces, 1565 tonsils) removed from 1995-2000. Most of the
patients (85%) were aged 10-20 years at the fme of
operation.' * This number of positive resnlts is greater
than would be predicted from the numbers of patents
diagnosed with ¥CJD i the United Kingdom (161 o
date), Furtherinore, the annual inddence of new cases of
%CJD has declined from a peak in 1999. As all patients
with ¥GJD belong to the methionine homozygous
subgroup, determined by the codon 129 pelymorphism
in the prion prowin gene (FRNP)' one possible
explanadon for this apparent discrepancy could be a
different PRNP genotype in the three positive cases (the
prevalences of PRNP codon 129 genoiypes in the
general UK population are about 40% methionine
homnozygous, 10% valine homozygous, and 50% hetero-
zygous)., This possibility was supported by a slighdy
different pattern of immunoreactivity in the second and
third positive appendix cases in comparison with dinical
cases of v We recently identified a case of asympto-
matic vGJD infection that seemed to have been
tramsmitted by red cell ransfusion in a PRNP codon 128
heterozygote, demonstrating that the methionine
homozygous genotype is not uniquely susceptble w©
vCJD infection*

Methods

We analysed the PRNP codon 129 polymorphisin in the
three samples of appendix dssue embedded in paraffin
that strined positively for disease associated prion
protein in the prevalence study, T the first case, 2 (rans-
raission study is currently under way using material from
the remaining unstained sections. This meant that only
immunostained sections were available for genotype
studies and the exrracted DINA was not good enough for
further anatysis. In the two remaining cases, as there was
not sufficient material available for both fransmission
studies and genotype stadies, and in view of possible
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PRNPinfluences on the s@ining pattern of disease asso-
ciated prion protein in these cases, we used the remain-
ing material for DNA analysis. A single & pm unstzined
paraffin section was available from cach case, and these
were de-paraffinised and scraped into individual micro-
cenirifuge tbes for DNA extraction with the Puregene
DNA Purification Kit (Gentra Systems, USA). Pelleted
DNA was reliydrated for one hour at §5°C and then
used 25 a template for amplification by the polymerase
chain reaction {PCR), along with positive and negative
control samples, PCR primers used were specific for a
506 bp region of PRNP containing the polymorphic
sequenee for the codon 129 residue. PGR products were
digested at 37°C with the restriction enzyme Nspl (New
England Biolabs, UK), which specifically recogmises
changes at the PRNP codon 128 polyraorphic DNA
sequence. Digest products were analysed on 15%
agarose gels with positive controls for the codon 129
variants (MV, VV, and MM).

Results

For both cases the genotype was confirmed as
homozygous for the valine allele (VV) (figure). This
method has been previously validated'® and was
controlled in our laboratory by studying the PRNP
codon 129 genotype in-hoth paraffin embedded
sections and frozen dssues from 25 other cases.

Discassion

These results give the first indication that PRNP codon
129 valine homozygotes may be susceptible to vCJD
infection. Though the imununohistochemical tech-
nigue used in our earlier smdy seems to be specific for
disease associated prion protein,® it is unlikely to be
100% sensitive, suggesting that the aue prevalence of
v infection in the UR. population may be even
higher than earlier cstimated (3/12 674).° Genetic
studies of kurw, another orally tansmitted human
prion disease, found that PRNP codon 129 MV and
VYV genotypes were associated with longer incobaton
periods than the MM genowpe’ As the ethjcal
approval for our study placed reswaints on the identifi-
cation of individual cases, we are not able o state with
certainty the age of the patents in the positive cases at
the time of surgery. We can, however, state that they
were aged 20-29 years at the time of surgery, which
took place i 1996-9. No dinical cases of vCJD af any
age have yet been identified in PRNP codon 129 valine
homozygotes, ndicating the need for contimed
surveillance of all cases of vOJD in the UR.

-120-

National
Creutzfeldt-Jakob
Digesse
Surveillance Uniy,
School of Molecalar
and Clinical
Medicine,
University of
Edinburgh, Western
General Hospit,
Edinburith
EH4 2X0
Jomes W Ironside
Jrafesser of divical
neurnpathology
Marthew T Bishap
geneticist
Eelly Connolly
genelics teghnicion
Suzanne Lowrie
bisnedicol scientist
Margaret Le Grice
biowmedical scientist
Diane L Ritchie
researeh assistant
Linda McCardle
bimadical scientist

Deparument of
Histopathelogy,
Desriford Hospital,
Flymouth

T1.6 SDSH

Dobha Hegazy
research technicion
Dawid A Hilion
eonsultont
newrufahologist

1187



e

Research

Downloaded from bmj.com on 27 June 2006

Though it is inadvisable to overinterpret the data
from: only three positive cases in this study, it is perhaps
surpeising {given the relative prevalences of PRNP
codon 128 genotypes in the general population) that
both the positive cases analysed here were valine
homozygotes. Though this may represent a chance find-
ing, we should consider the possibility of differences in
the peripheral pathogenesis of vCjD that depend on the
PRNP eodon 129 genotype. The padent who developed
asyrnptomatic vOJD infection after red blood cell rans-
fusion was a codon 129 heterozygote in whom both
tonsil and appendix tissues were negative on siaining for
disense associated prion protein with identical methods
as used in this stady, though the spleen and ymph
nodes gave positive results’ PRNP polymorphisms in
sheep infected with scrapic also have a major influence
on the incubation period and tming and distribadon of
disease associated prion protein in ymphoid tssues
during the incubation period.!

A prolonged incubation period after infection with
vGID is likely to resule in an asymptomatic carrier state
{which cammot yet be ideniified), which represents a
potential tisk for horizontal transmission of vGJD
infection by blood transfusion, blood products, or con-

taminated surgical instruments, These uncertaintes
further underline the need for contdrmed surveillance
of vGJD in the UK (including surveiltance for subclini-
cal or asymptomatic infection®), a requirement 0 con-
tinue to reduce the possibility of secondary istrogenic
transmission, and the inclusion of carrier states and
susceptibilicy to vGJD infection in all PRNP codon 129
genotypes in future disease modelling,
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Prescribing for RITA

And so it endg—2 decade in the training grade. The fast rites
performed with 2 final RITA. (récord of in training assessment):
T'm finally grown up, the anthorities deerm. In fact, my consultant
job starts tormorrow. )

After 10 vears with it, do I have positive suggestions for
postgraduate training in the NFIS? Of course, dozens, 1105t
ivolving workforce, reorgarisatiof, and resources. Bug, as in Jife,
the best tonjcs ara free. I vate for a fresh culture that values and
grows people, Juis temearkable that NS doctors deliver their
high quality service for no irfimediate tangible gein, More
extraprdinary is chat fhis work reccivés not a trace of the yositive
feedback and moral incentive that would be crideal to ihe heatth
of any cormparsble organisation,

1 worked for some ime in a prestigious instinigdon of 2 more
advanced healthcare systern, What made their people tick? True,
they had impressive bulidings, swte of the =t technology, and
good salary prospecis; but, really, I think they were primarily
chiver: by an ethos that valued excellence and individuadity—

iniiated, fostered, :d rewarded it. Right down to the srpwork that
tined the corridors—oversized portraiis of the previous menth's
star emplayess, proud pictures of “graduating” mainees, plagques
of senior faculty.

A bit over the top perhaps, but preferable to the anonymous
passage of generations of juniors through Britain’s mauy worthy
hospitals, T addition, aititudes of deziston towards the less skilled
and suspicion of those who seem too geod or creafive are alk too
conpnon. The end result? Blunted clons coming off an assembly
Jinee: competent, yes; extraordinary, no. Tragic for indivicuals and
undestrable for & healthcare system that confronts exorordinary
problems.

There, I've had my shout. Tomorrow I step into a new world,
recogrising thar to change & is to change my sell. Twill not forget
niy snorning dose of free tonic. )

Gividbar P Kalamengalam specialist registrar in newrolopy, Instituls
of Neurological Sciencss, Svuthern General Hospital, Glesgew
{g_kalamangalam@hotmeatl.com}
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The onset of illness in the first case of variant
Creutzfeldt—Jakob disease {(vC]D)}, which was
published in 1996, occurred in early 1994.
vC]D most probably results from the consump-
tion of beef products contaminated by central
nervous system tissue derived from bovines
infected with bovine spongiform encephalo-
pathy (BSE), which began in the UK sometime
prior to 1986 (1. The worldwide incidence of
BSE and vC]D was approximately 180,000 ani-
mals and 185 patients (including 159 patients in
the UK), respectively, in December 2005. In the
UK, where the highest incidence of BSE and
vC]D was reported, their peak incidences were
observed in 1992 and 2000, respectively. Since
these peaks, the incidence in the UK has
decreased gradually [101]. There is also the possi-
bility of continuing person-to-person transmis-
sion of vCJD through certain forms of
healtheare {e.g., through surgery, blood transfu-
sion or treatment with plasma products). There-
fore, it is essential to maintain and promote
active surveiilance of vC]D and CJD (hereafter
vCID/CID) to evaluate potential transmission
by this route [2-4.102,103].

Since blood products are prepared from
human blood, they may involve risks of contami-
nation with infectious pathogens including patho-
genic prions. Therefore, besides the measures for
ordinary pathogens, effective measures imple-
mented globally to prevent transmission of patho-
genic prions (especially to prevent vGJD) are also
required. Measures to prevent contamination by
viruses/prions in plesma derivatives consist of
donor plasma sourcing/screening and the elimi-
nation of viruses/prions during the manufaciur-
ing process. Currently, geographical deferral of

ICI ne biood donors before donation is the only method

10.2217/17460794.1,5.659 © 2006 Future Medicine Ltd ISSN 1746-0794
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Blood products prepared from human blood theoretically risk contamination with infectious
pathogens. Since recent reports now confirm the likely transmission of pathogenic prions
through blood transfusion, effective measures to prevent transmission are required globally,
alkhough the prevalence of variant Creutzfeldt-Jakeb disease outside of the UK is extrernely
low. Many studies evaluating the manufacturing process have been conducted for the
potential removal of the prion protein from plasma derivatives. In this review, we discuss the
possibility of rermoving prions via several processing steps, especially depth and
virus-removal filiration. Through a discussion of the limitations and issues associated with
such studies, we hope our review will be of help for better study design in the future,

of identifying donors at higher risk for vC]JD,
since sensitive and rapid screening methods for
prions in blood with the ability to handle many
specimens have not currently been developed.
The risks to a recipient from fractionated plasma
products are probably less than from blood
transfusion, not least owing to potential remaval
during the manufacturing process, as well as the
volume of material to which an individual is
exposed, which are likely to be important deter-
minants of. the level of risk [2. However, the
pooling of plasma donations and the large
number of recipients from any given plasma pool
complicates any calculations of residual risk.
Little is known regarding the native form of
prion protein in blood, especially in plasma,
although this information is essential for evaluat-
ing the safety of blood products. Under these cir-
cumstances, the regulatory agencies of several
countries issued guidelines regarding measures to
be taken to prevent or reduce the potential for
prion ftransmission through pharmaceutical
products, Manufacturers have implemented
their measures according to these guidelines
(5-7104-107). Recently, Brown reviewed prion
infectivity in hlood, prion removal By the manu-
facturing process and the current status of the
development of prion-screening methods (8.
The removal of prions by partitioning during the
manufacturing process is expected to be a practi-
cal and effective approach, particularly because
effective methods for prion inactivation that are
applicable to the manufacture of protein prod-
ucts, have not been developed to date. At present,
the removal of prions by physical means is the
main measure towards preventing prioen contam-
ination. There are rumerous teports deseribing
the partitioning and possible removal of prion

Future Virof. (2006) 1{5), 659-674 659
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during the manufacturing process. Processes that
possibly remove prions imclude fractionation,
using ethano! and/or polyethylene glycot (PEG),
and filtration through virus-removal and/or
depth filters, Many studies have been performed
on the efficacy of ethanol fractionation processes
to remove prion and demonstrated similar
remnoval ability, regardless of differences in study
conditions and the research institutions. By con-
trast, studies on depth filtration revealed that the
efficacy of depth filters to remove prions is
highly dependent on the composition of the
solution and/or characteristics of the fiiters. fn
this Teview, we discuss the possibilities and limi-
tations of several manufacturing steps to rernove
prions using evaluation data from several manu-
facturers, We hope our discussion will be of help
to determine better study design in the future.
Cleaning (inactivation} of eguipment should
also be considered in parallel to the removal of
prions during the manufacturing process. How-
ever, we will not discuss this area, and the reader
is referred to Lee and colleagues who have
already discussed this matter in details [9,10,108].

Study design for prion removal ability

Procedures for safety evaluation of plasma derjv-
atives for prions are basically similar to those
used for viruses. Regarding the virus clearance
study {also termed virus validation study), the
first regulatory guidance was issued by the Eure-
pean Community in 1989. Since then, manufac-
turers have performed virus clearance studies in
accordance with this guideline as well as other
related guidelines. On the other hand, the Euro-

pean Medical Agency issued guidelines regarding,

prion clearance in 2004 j104]. Their guideline was
largely based on the concept of the virus valida-
tion guidelines [109), although care was taken to
refer to such studies as investigational, as
opposed to validation.

The following should be considered when
performing prion-cledrance studies.

Model agents

The main purpose of the clearance study is to
assess znd identify the manufacturing process{es)
that can be considered to be effective In eliminat-
ing prions using various rmodel agents, such as
scrapie. Based on the results with model agents,
the partitioning of specific human pathogenic
agents, such as vCJD, can be speculated. In this
sense, the purpose of the study is to evalnate the
risk of the pathogen itself. However, if the path-
ogen in question is significantly different from

-124-

the model agent, partitioning of the speciilc
human pathogen may yield incorrect data.
Therefore, for clearance studies and related stud-
ies, it is indispensable to carefully consider the
possible differences between the pathogens in
question: and model agents.

Assay method

The detection of protease-resistant prion antigen
(i vitrostudy) is performed as the fiest step (e.g.,
by western blotting {WB], and then, for certain
process(es), an infectivity assay using animals
{in vive study) is alse recommended. The in vivo
assay remains the only possible option to con-
firm the quantitative infectivity titration of pri-
ons following Inoculation of samples into
animals. It should also be understood that, in
some instaneces, there could be some discrepancy
between i vitro and in vivo study results.

Simulation of manufaciuring process

It may be impossible to exactly simulate all of the
manufacturing process parameters on a labora-
tory scale, For experimental downscaling, it is
impossible to use equipment and conditions that
are identical to the actual manufacturing process.
First, prion proteins are added intentionally,
thereby changing the matrix. Second, the proc-
esses are downsized to laboratary scale. There-
fore, in some instances, the best result that can be
achieved is to approximate the behavior of the
manufacturing process. Furthermore, it is impor-
tant not to overestimate the prion removal ability
of the manufacturing processes based on the data
obtained under scaled-down conditions,

Native form of abnormal prion proteins

The native form of the abnormal prion proteins
in blood is stifl unknown. Abnormal prion pro-
teins in blood remain largely undetermined and
may exist as varicus forms with different particle
sizes or aggregation states. Therefore, the prepa-
ration method of the prion material used as a
spiking agent for process evaluation studies
would be an important factor.

Choice of spiking prion agent

Of the various prion diseases, vC]D is the pri-
mary concern for manufacturing plasma deriva-
tives. It is difficult to use tissue samples taken
from vC]JT/CJD patients for the evaluation of
marufacturing processes. Therefore, in general,
laboratory strains of scrapie (e.g., 263K and
METY) and those of BSE {e.g., 301V} are used in
place of vCJD materials [11-15].

Future Virol. (2008) 1(5)
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Spiking materials are prepared from the brain
of infected animals, and there are several meth-
ods of preparation. Brain homogenate {BH) has
been widely used for a long time, because BH is
easy to prepare and contains a high titer of infec-
tivity, However, the uniformity of particle size is
not ideal for evaluation purposes. The micro-
somal fraction (MF) is partially purified from
BH, and the titer of-MF may be slightly lower
than BH. In addition, caveolae-like domains and
semipurified serapie prion protein (purified
fibrils) may also be used in spiking studies. The
partitioning of abnormal prion protein prepared
by different preparations behaves in a similar
manner, with the exception of purified fibrils
[16-18]. Although the appropriateness of the
materials used for spiking experimenis was
described in reported studies, there has been no
discussion of their particle size.

In 2003, Yunoki reported that the particle size
of MF used as spiking material was 800 nm on
average, and that the particle size of MF fell to
Iess than 220 nm through high-power sonication
or detergent treatment [19]. At present, research-
ers tend to add steps such as sonication, deter-
gent treatment and prefiltration in order to
prepare MF or BH for spiking studies. However,
discussion regarding the appropriateness of spik-
ing materials is limited because the status of the
abnormal prion protein in blood is not currently
clear. Varlous preparation methods have besn
used in the above reports, Therefore, it is neces-
sary to carefully consider such preparation meth-
ods used in individual reports in order to
evaluate the removability of prion agents.during
the process. '

As our knowledge regarding the form and
characteristics of abnormal prion protein in
blood accumulates, these problems are expected
to be resolved. A new preparation method utiliz-
ing exosomes might be proposed because a
recent report described that prions also exist in
association with exosomes [20). Ih addition, spik-
ing materials derived from cultured cells produc-
ing abnormal prion protein may become one
possible source for spiking prion material [21). If
strains of vCJD/CJD with a high titer are pre-
pared in cultured cells, it would become possible
to use such materials as spiking agents.

Evaluation methods

To estimate the prion tevels in samples, two dif-

ferent methods are used: one to detect abnormal
prion protein in sarmples by WB, conformation-
enzyme-linked

dependent immunoassay or

www.futuremedicine.com
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immunosorbent assay {im wire study) [1622-24);
and the other to detect pathogenic prion protein
by inoculating animals with the samples (i wivo
study). Although WB is widely used, assay con-
ditions are different in every laboratory and there
is no standard protocol for the assay, In general,
samples taken from manufacturing processes
contain plasma proteins at a high level, which
sometirnes disturb the specific detection of a
smnall amount of prion by WB. To avoid these
problems, optimization of assay conditions
and/or adjustment of pretreatment conditions
for each sample are necessary. Due to these assay
variables, the sensitivity of the assay not only
differs in every laboratory, but even from sample
to sample. When an identical sample is used for
comparison, WB generally gives a lower sensi-
tivity than the in wve method. To improve the
sensitivity and specificity of WB, several method-
ologies have been performed; for exarnple, the
elimination of plasma proteins that disturb the
assay, by heating at 80°C before proteinase K
treatment, followed by ultracentrifugation to
concentrate prion [25].

For viruses, it is required that clearance studies
are performed following the detection of infectiv-
ity of process samples as an indicator. However,
for prions, according to the guidelines [104,105,109],
infectivity experiments I w/vo are not always
required for processes where the relationship
between i vive and Jfn vifro results has been
established. For processes where the relationship
is unknown, such as new processes, it may be nec-
essary to check the infectivity of samples in vivo
following initial testing of samples Jn witro.

In general, experimental conditions for the
detection of infectivity using animals differ at
every institution. Even If animals are the sare
species and age, the amount of inoculums given
to the animals and/or incubation period of the
animals after inoculation may be different.
Symptoms of prion diseases are monitored by
clinical signs during the incubation perlod in
animals, although the monitoring procedure
may also differ at sach institution. Some institu-
tions monitor abnormal behavior only, whereas
other institutions use a scoring system for moni-
toting. However, such cbservation of clinical
signs may not be regarded as a definitive indica-
tor of disease. Classically, histopathology has
been used to confirm disease leslons in brain
samnples taken from infected animals (26l Simi-
larly, different criteria in pathological examina-
tions are used by institutions to determine prion
lesions. Some institutions judge prion diseases by
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