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numerous European countries (Austria, Czech

" Republic, Finland, Germany, Greece, Holland,

Italy, Luxembourg, Poland, Slovakia, Slove-
nia, Spain), as well as in Japan, Canada, and
the USA. They have also shown that many
countries with no recorded case up to 2000
(e.g. Germany, Italy, and Spain), and which
denied the presence of BSE, had an.incidence
equivalent to or higher than that of France and

Switzerland, which have beén recording cases

since the early 1990s. Lastly, rapid tests allow
much more precise epidemiological follow-up,
allowing the measurement of trends:at low
prevalence, and which has more clearly shown
a spectacular decline in the BSE eplZOOth in
Europe.

Active monitoring of TSE in small rumi-
nants (sheep and goats) wasset-up in Europe
in March 2002, essentially to gather epidemio-
logical data, and obliges member states of the

* ‘European Community to test a'quota of ani- -

mals slaughtered normally or from at-risk pop-
ulations. Between 2002 and 2006, nearly three

_.million tests were performed, which led to the

detection. of over 13 000 cases of scrapie®.

Note-that this active surveillance resulted in*

the detection of a great many cases of so-called
atypical scrapie . among European livestock.

This form of scrapie, which very likely corre- - .

~sponds to strain Nor98 [7] identified in 1998

* in Norway, now accounts for over 50% of

TSE cases in small ruminants in many coun-
tries (France, Germany, Portugal, UK, etc.).
The PrP5¢ associated with this strain is char-

.—.acterised by increased sensitivity to proteinase. ...

. K, which 'makes its detection more difficult
and explains why numerous rapid tests per-’
form poorly in diagnosis. In practlce “the vast
majority of cases of atypical scrapie were iden-
tified using the tests from Bio-Rad (TeSeE
since ”002) and IDEXX (post—mortem test,
since 2005).

“In view of the dlversny of TSE strams
present in small ruminants, .the European

Commission sét up biochemical typing in
~2005, mainly designed to-identify .the BSE-
--strain in smal] rummant populatlons5 Testmg,

5Commlssmn chulauon (EC). No 36/2005 of
12" January 2005 amending. Annexes.III and X
to Regulation (EC) No 999/2001 - of the : Euro-
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performed exclusively in national reference
laboratories, is based on Western blotting tech-
niques [74, 76]. It is worth noting that, to date,
only a single case of BSE, in a goat, was -
observed in France [21] before the implemen- .
tation of this new regulation.

3. NEW APPROACHES TO ANTE-MORTEM
TESTS

As we have seen, diagnosis of prion dis-
eases depends-principally on the detection of
the abnormal form of PiP (PrP% or PrP™).
This approach has been very useful in reacting
to the BSE epizootic and in setting up active
surveillance for TSE in ruminants, but to. date
has not met all the requirements of the diag-
nosis of prion diseases. These tests are only
applicable to tissues collected after the death
of the animal and so cannot be used for early

- preclinical diagnosis. So far, no test-can give

a reliable diagnosis :using a readily available

- sample from a living animal or person, such

as blood-or urine. The problem is particularly
acute for blood transfusion, insofar as. it is

- now well established that vCID can be trans-

mitted by blood. Considerable effort has been
devoted to- the search for alternative markers
enabling earlier diagnosis of TSE (for a review
see Parveen et al. [55]).

3.1. The search for new markers

The search for - alternative markers has
grown. greatly in recent. years, boosted by
the development of postgenomic approaches,

-which-'can-be-used -for-large-scale -parallel

analysis of the transcriptome, proteome, and

" metabolome ' of - tissues. Attention naturally - =

first turned to neuronal markers, which include

- protein 14-3-3 [28, 781, neurone-specific eno-

lase [1], the protein S100B [5, 29], glial acidic
fibrillar protein {44, 50], Tau protein {51}, and
prionins [59]. However, none of these markers
has proved usable as a basis for a sufficiently
sensitive and specific test allowmg edrly pre-
clinical dlagn081s

»pcan Parliament and of the -Council as regards

epidemio-surveillance for transmissible spongiform
encephalopathles in bovine. ovine and caprine an-

. imals: -http:/fec.europa. euffoodffood/biosafety/bse/.

legisl.én.htm. [consulted 11 January 2008].

312



Progress and limits of TSE diagnostic tools

Metabolic markers, such as fatty acid-
binding proteins, interferon vy, prostaglandin
E2, C-reactive protein, interleukin 6, cystatin
C, and corticosteroids, have also been stud-
ied, but with no more success (for a review see
Parveen et al. [55]).

Transcriptomic studies have revealed po-
tential markers [70, 85], but to date none
has proved of practical use in the diagnosis
of prion diseases. Erythroid differentiation-
related factor, for example, initially seemed
highly promising (downregulation [43]), but
its value was not confirmed in subsequent
work [25].

Finally, some research groups have devel-
oped an approach based on serurn analysis
by Fourter transform infrared spectroscopy
combined with data processing by the neural
network method [13, 39, 40, 69, 77]. This ap-
proach has shown high (> 90%) sensitivity and
specificity in cattle populations, but it remains
{to be seen whether it is usable under routine
conditions, and can be used to make an early
diagnosis of TSE.

3.2. Protein mlsfoldmg cyclic amplification

To facilitate preclinical detection of prions
in peripheral tissues, notably blood, Claudio
Soto’s group developed an original approach

in which the PrP% in a sample is amplified

by mieans of protein misfolding cyclic ampli-
fication (PMCA) [62]. In this approach, which
seeks to mimic pathological processes and is
akin to the polymerase. chain reaction used to
amplify DNA (but without addition of exoge-
nous polymerase enzyme), PrP% is incubated
in the presence. of excess PrP¢ to allow ex-
pansion of aggregates of PrPS® which are then
dispersed by sonication to generate smaller
units and to encourage the formation of new
aggregates. The quantity of PrP5¢ formed de-

pends on the number of expansion/sonication

cycles performed. In early articles [62, 72],
amplification was modest (10- to 50-fold), but
_optimisation and automation subsequently en-

“abled amplifications of several million fold’

[61]. In most studies, amphﬁcatlon is achieved
by using as a source of PiPF, a brain extract
from the same species as that which pro-
duced the PrP> t0 be amplified. Recent works
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[18, 19] have shown that PrP5 can be repli-
cated in a more controlled “minimal” system
in the presence of highly purified PrPC (the
only identified contaminant being lipids) and
polyanions (polyA RNA in these studies).

Although most of the work by Soto’s
group concerns a hamster model infected by
strain 263K, significant amplification has been
achieved with the PrPS° produced by vari-
ous mammalian species, including mice [47,
“72], sheep, goats and cattle [72], cervids {38]
and humans [36). The PrPS¢ newly formed
by PMCA has all the properties of the origi-
nal PrP%, notably its infectious character [14,
82]. Lastly, early detection of PrP5 in hamster
blood fractions (buffy coats) was achieved at a
sensitivity ranging between O and 89% and a
specificity of 100% [15, 60].

PMCA has great potential and is certainly
the most promising approach from the view-
point of developing a blood test. It is, though,
hampered by various: fundamental and tech-
nical difficulties, Gwen the reqmremcnts im-
posed by a blood test (see paragraph below),
notably in . terms .of practlcablhty sensitiv-
ity, and spe<:1ﬁc1ty, several technical improve-
ments are neéeded. For adaptation to routine
analysis, there is a need for simplification, re-
duction of the duration, and better control.
Moreover, the obligatory requirement for a
concentrated source of PrPC (brain extract or
purified PrPC) of the same species as the target
to be amplified constitutes an important prac-

_tical handicap. This specific problem could

be resolved by the use of recombinant PrP
and accelerated procedures as recently shown
[4], assuming the results obtained with the
hamster model can be extended to other mam-
‘malian species. However, PMCA must also
prove effective in terms of diagnosis (sensitiv-
ity and specificity ctose to 100%) using blood
sample series more representative than those
obtained with the hamster model. Finally, re-
cent results from Supattapone’s group show
that infectious PrPS° can be generated de novo
and stochastically by PMCA [18] in the ab-
sence of pre—existing prions, and this raises
concerns about the specificity of this approach
when used in routine conditions.
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3.3. Blood tests: state of the art

. As we have emphasised several times in this

_ review, the development of a blood test is the

top priority in prion disease diagnosis, notably
to ensure the safety of blood transfusion in
humans. Numerous difficulties, however, have
to be overcome, which explains why no test
is yet operational. Whereas blood from vCID
infected patients is clearly infectious [41, 56,
84}, its concentration of infectious material is
very likely much lower than that in the cen-
tral nervous system, and its concéntrations of

PrP¢ are estimated to be in the range of pg/mL

[8, 91. Given'the efficacy of disease transmis-
sion by the intravenous route, and the large
volume (commonly > 400 mL) of packed red
blood cells transfused in humans, transmission
can occur with very low levels of infectious

. material, and, as a consequence, candidate.
. {ests‘must have excellent analytical sen sitivity.
" Also, blood is a complex tissue rich in cells

= "“'and proteins; and little is known- of the distri-
* ‘bution of prions (and of PrP5¢). Several studies

" indicate that the bulk of the infectious material

is in the white blood cells, but the plasma is

~also clearly infectious [8, 9].In-a healthy in-

* dividual, significant levels of PrPC are present

“in white blood cells, red blood cells, platelets,’

. and' plasma, probably at much higher con-""
“centrations than PrPS. A candidate test must

‘therefore also be very selective. Also, we know

very little about the biochemical properties

‘of the PrP5“in the different blood fractions.
" “Givenits"low concentration-and-its-environ----
ment, it is not certain, for instance, that it camn -

“form aggregates resistant to proteinase K, the

treatment on which most current rapld tests are

_based

In terms of the risk of vCID . infection by

blood transfusion, because the incidence of the
" disease is assumed to be very low, a highly

specific’ test is needed, or it could lead to.
more, false-posmve results than detection of

real cases. Such a situation would be Very dif-
ficult to manage ethxcally, given that vCID is

a fatal disease for which at present there is no

. treatment. There is clearly a gieat need for at
least one very specific confirmation test which -
_ does not exist today :
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Due to the above mentioned difficulties it is
not surprising that very few publications report
on blood tests for TSE.

The first promising results were obtained,
as early as 1996, by the group of Mary-
Jo Schmerr, which combined capillary elec-

. trophoresis with a competitive immunoassay
- to detect a PK resistant C-terminal sequence of

PrP in the blood of sheep infected with scrapie

. [66-68]. The technique was subsequently im-

proved and applied to more relevant series
of scrapie infected sheep [34, 35, 42, 86],
but despite achieved improvement, the method
appeared insufficiently robust.for routine use
[22]. :

In recent years, many research groups or

‘companies have developed original strategies
“to try_to overcome the intrinsic difficulties as-

sociated with the blood test. These include:

~ The use of ligands for a specific capture of
PrPS¢ possibly present‘in blood fractions,
which include the 15B3 antlbody produced
by Prionics [37, 48] and the Seprion fesin
of the Microsense company:(alréady used
in the IDEXX test for post-mortem di-
agnosis). In both  cases, the idea is to
concentrate abnormal PrP by immunopre--
cipitation, taking advantage of its poly- .
' merisation state (aggregate? polymers?
oligomers?) to allow a more sensitive
and more specific detection by ELISA or
flow cytometry. Anothér approach devel-
oped by the bioMérieux company (Marcy
" I"Btoile, France) involves blndmg and ag-

-

gregation of abnormal PiP in plasma by .

streptomycin [45], followed by a specific
" capture ‘on calyx-Arenes “moleculai’ bas-
ket” immobilised onto a solid phase, and
‘ final detection with an appropnate anti-PrP
antibody.
~ The development of lmmunoassays de-
“signed to detect polymerised PrP (AS-
' ELISA for aggregate specific ELISA)
and based on the use of the same mon-
oclonal antibody for capturé and detec-
tion [52] The sensitivity: of AS-ELISA
was increased by combining signal am-
plification (fluorescence) and target am-
plification (prion amphﬁcauon using a -
- simplified PMCA like procedure). Using
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this approach (named Am-A-FACTT) the

group of Man-Sun Sy succeeded in de-
tecting prion aggregates in plasma from
mice or deer infected with scrapie or CWD
respectively [16]. A similar approach has
been developed by the Korean company
PeopleBio (Seoul, Korea, Multimer Detec-
tion System (MDS)) without amplification
of signal and target but details remain un-
published.

— The use of fluorescence labelled palin-
dromic PrP peptides to detect misfolded
PrP (MPD for misfolded protein diagnos-
tic). In this approach, when the labelled
peptide is in contact with PrP%, it under-
goes a large coil to a f-sheet conforma-
tional change which largely modifies the
fluorescence properties of the pyrene label
[30]. This method allowed discrimination
between TSE- infected and uninfected an-

_imals, albeit on a rather small series of
blood samples [53].

- However, even if some of these approaches
_ seem promising, for the moment none of these

tests has fulfilled the very strict analytical and
diagnostic requirements described above. With
the passage of time (some of these approaches
were ‘initially described a few years ago) it
becomes apparent that they are facing real

difficulties in establishing routine and robust -

assays, and that much more time and devel-
opment is needed to achieve the goal of an
operational blood test for TSE.

4. CONCLUSIONS

The successive “mad cow” crisés of 1996
and 2000 have. clearly boosted very signifi-
cantly research in the field of prion diseases,
and more data have been accumulated dur-

ing the last ten years than during the previous

cenfury. This has considerably improved our
knowledge on prion biology, but also provided
much more relevant tools including: trans-
genic mice (PrPY° or over-expressing various

forms of wild-type or mutated PrP), celtular
models of TSE infection, a large series of well
characterised monoclonal antibodies and, of .

course, much more relevant analytical meth-
ods and diagnostic tests. As far as diagnosis is
concerned, very significant progress has been
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made in the post-mortem detection of PrP%,
with the development of reliable and very sen-
sitive methods suitable for routine analysis
(results available within less than three hours,
more than 20 000 tests performed every day
throughout the world); having the capacity of
diagnosing TSE before the onset of clinical
signs. These tests have been used efficiently
for managing the mad cow crisis, and are still
very useful for monitoring the BSE epizootic
as well as the various forms of TSE in small ru-
minants and cervids. The analytical sensitivity
of these tests can now be considerably im-
proved by coupling PMCA amplification with
the appropriate detection techniques (ELISA,
CDI, Western-blot), and this allows detection
of minute amounts of PrP% in the brain or
in peripheral lymphoid tissues. However, so
far, there is no test that delivers an early and
speciﬁc diagnosis of TSE‘in live animals-or pa-
tients, i.¢. a test which can be easily applied to,

. a body fluid like'blood or urine. This is partic-

ularly critical for ensuring the safety- of blood
transfusion in countries that have experienced
a large BSE epizootic (UK and: Western Eu-
rope). We have seen that PMCA has shown
a good potcntlal in terms of sensmvxty for
achieving such an aim but its use in routine
conditions and its actual specificity are ques-
tionable. There is thus a place for another
approach, and the development of a blood test
for TSE diagnosis remains the most important
challenge for the years coming in this field of
prion research.
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