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a  b  s  t  r  a  c  t

Transmissible  spongiform  encephalopathies  (TSEs)  are  characterised  by  accumulation  of  an  abnormal
isoform  of  prion  protein  (PrPsc),  mainly  in  the  brain  but also  in various  peripheral  tissues.  Home-made
assays  consisting  of  non-standardised  protocols  are  used  currently  for  laboratory  diagnosis  of  human  TSE.
The  purpose  of  the present  study  was  to test  the  ability  of two commercial  assays,  TeSeETM CJD  ELISA
and  TeSeETM Western  blot,  to detect  PrPsc  in  cerebral  and  lymphoid  tissues  of  TSE patients.  Both  tests
detected  a PrPsc-significant  signal  in  the  brains  of 54 affected  patients  and  not  in 51  controls,  yielding
100%  specificity  and  100%  sensitivity.  Furthermore,  three  post-mortem  spleens  and  two  pre-mortem
rion disease
iagnosis
uman
pleen
onsil

tonsils  from  three  patients  with  variant  Creutzfeldt–Jakob  disease  (vCJD)  were  detected  correctly.  The
expected  PrPsc  molecular  patterns  were  found  in TSE  patient  brain  tissue  and in the  tonsils  and  spleens
of the  three  vCJD  patients.  In conclusion,  these  rapid  and  robust  in  vitro  tools  were  suitable  for  routine
human  TSE  diagnosis  and  characterisation.  CJD  could  also  be  diagnosed  during  the  patient’s  lifetime
by  detection  of PrPsc  in  the  tonsil.  A diagnostic  strategy  associating  TeSeETM CJD  ELISA screening  to

 by  T
biochemical  confirmation

. Introduction

Transmissible spongiform encephalopathies (TSEs) include
ovine spongiform encephalopathy (BSE), scrapie in sheep and
oats, chronic wasting disease (CWD) in deer and elk and
reutzfeldt–Jakob disease (CJD), fatal familial insomnia (FFI), and
erstmann–Straüssler–Scheinker syndrome (GSS) in humans. In
ll these diseases, the conversion of the protease-sensitive cellular
orm of the prion protein (PrPc) into a pathological isoform (PrPsc)
ppears to be a key process in pathogenesis. The protease resis-
ance of PrPsc leads to the formation of a residual core of 27–30 kDa
PrPres) after proteinase K (PK) treatment (Prusiner, 1998).

This property is used mainly in assay protocols for residual
rPres detection by antibodies targeting the resistant core and/or
Please cite this article in press as: Ugnon-Café, S., et al., Rapid screening a
disease. J. Virol. Methods (2011), doi:10.1016/j.jviromet.2011.05.016

he carboxylic moiety of PrP. For routine TSE diagnosis in ani-
als, assays include the Western blot technique with or without

oncentration step and immunoassays such as LIA, IEA, ELISA or

∗ Corresponding author at: Prion Diseases Diagnosis Laboratory, Centre de Biolo-
ie  et Pathologie Est, Hospices Civils de Lyon, 59 Boulevard Pinel, 69677 Bron Cedex,
rance. Tel.: +33 4 72 35 76 81; fax: +33 4 27 85 59 00.

E-mail address: isabelle.quadrio@chu-lyon.fr (I. Quadrio).

166-0934/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jviromet.2011.05.016
eSeETM Western  blot  is proposed.
© 2011 Elsevier B.V. All rights reserved.

DELPHIA (Grassi et al., 2008). Development strategies for commer-
cial tests are very different between TSE diagnosis in animals and
humans. Whereas the BSE epidemic led to the development of
rapid and robust commercial diagnostic assays for BSE and then
scrapie and chronic wasting disease in veterinary programs, there
are still no commercial kits for detecting PrPres in CJD in humans. In
most cases, laboratories use home-made methods based on West-
ern blot which is the “gold standard” for biochemical diagnosis
of CJD.

Various assay protocols for Western blot detection of PrPres in
CJD have been reported. The first described Western blot detection
after PrPres purification and concentration by an ultracentrifuga-
tion step (Brown et al., 1986). Direct PrPres detection from 10%
sample homogenates treated with PK then denatured in Laemmli
buffer was  recommended for its ease of use (Collinge et al., 1996;
Parchi et al., 1996). Later, concentration steps using centrifuga-
tion, NaPTa precipitation, ultracentrifugation or streptomycin were
introduced to enhance sensitivity, a key point in tissue other than
brain (Favereaux et al., 2004; Lee et al., 2000; Quadrio et al., 2009;
nd confirmatory methods for biochemical diagnosis of human prion

Wadsworth et al., 2001). All these methods, however, present cer-
tain disadvantages, lacking reproducibility, standardisation and
robustness, and are time-consuming or make demands on operator
experience to recover the ultracentrifugation pellet.

dx.doi.org/10.1016/j.jviromet.2011.05.016
dx.doi.org/10.1016/j.jviromet.2011.05.016
http://www.sciencedirect.com/science/journal/01660934
http://www.elsevier.com/locate/jviromet
mailto:isabelle.quadrio@chu-lyon.fr
dx.doi.org/10.1016/j.jviromet.2011.05.016
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Table  1
Diagnostic classification of TSE patients in retrospective and prospective studies.

Number of positive cases Etiology PrPres molecular typing/prion
protein gene mutation

Number of
samples

Prior protein codon
129 polymorphism

Retrospective study
6

Sporadic CJD

3 MM (n = 1)
Type 1 MV  (n = 1)

W (n = 1)
3  MM (n = 1)

Type 2a MV  (n = 1)
VV (n = 1)

6

Genetic TSE

Type 1/E200K 2 MM (n = 1)
MV (n = 1)

Type 1/D178NCJD 1 VV
Type 2a/V2O3I 1 MM
Type 2a/V210I 1 MV
Type 2a/D178N FFI 1 MM

1  Latrogenic growth hormone CJD Type 1 1 MM
1 Variant CJD Type 2b 1 MM
Prospective study
35

Sporadic CJD

Type 1
21 MM (n = 17)

MV (n = 3)
nd (n = 1)

Type  2a
11 MM (n = 1)

MV (n = 6)
VV (n = 4)

Type 1 + 2a 3 MV  (n = 3)
2

Genetic TSE
Type 1/E200K 1 MV
Type2a/D178N FFI 1 MM

2 Latrogenic growth hormone CJD Type 2a 1 MV
Type 1 + 2a 1 nd
Ty
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FI: fatal familial insomnia; CJD: Creutzfeldt–Jakob disease; D: aspartic acid; E: glut

In the animal field, 12 different tests were validated succes-
ively by the European Commission (Regulation (EC) N◦ 999/2001
f 22 May  2001, amended by Regulations N◦ 1053/2003 of 19 June
003, N◦ 260/2005 of 16 February 2005 and N◦ 162/2009 of 26
ebruary 2009 for the prevention, control and eradication of cer-
ain TSEs). In addition to its rapid tests for animal TSE screening
TeSeETM SAP and TeSeE sheep and goat ELISA), Bio-Rad has also
eveloped a commercial test for confirmation of suspected ani-
al  TSE (TeSeETM Western blot). The maximum operating times

rom tissue homogenisation to plate reading in the ELISA proto-
ol and to film development after immunoblotting is about 3 and

 h, respectively. These relatively short times could enable further
apid and robust tools to be implemented in the diagnostic field. The
resent study assessed the performance and feasibility of these kits
or detecting PrPres in cerebral and lymphoid tissue in human TSEs.

. Materials and methods

.1. Post-mortem samples and pre-mortem tonsils

For the detection of PrPres in brain, cerebral fragments (see
able 1) were treated in the Department of Neurochemistry BSL-

 laboratory dedicated to prion diseases at the Hospices Civils de
yon. Necropsy brain tissues were collected from Lyon, Besanç on
nd Marseille and treated according to the French legislation on
thical and technical issues.

For the retrospective study, 28 diagnosed patients (neuropatho-
ogical lesions, immunohistochemistry and immunodetection of
rPres on the frontal cortex by Western blot after ultracentrifu-
ation concentration) were selected for their disease pattern: 14
atients without post-mortem CJD signs, 13 CJD and one fatal famil-

al insomnia patient. These 14 TSE patients were selected so as to
Please cite this article in press as: Ugnon-Café, S., et al., Rapid screening a
disease. J. Virol. Methods (2011), doi:10.1016/j.jviromet.2011.05.016

over a large range of different diseases and/or various molecular
ypes of PrPres (Table 1). The non-TSE patients comprised 10 with
eurodegenerative disease (Alzheimer’s disease n = 6, Lewy body
ementia n = 2, and Parkinson’s disease n = 2), three with vascular
pe 2b 1 MM

acid; I: isoleucine; K: lysine; M:  methionine; N: asparagine; V: valine.

lesions and one with non-neurodegenerative disease. This cohort
was studied as a control to assess the suitability of the TeSeETM CJD
ELISA and TeSeETM Western blot assays for the detection of PrPres

in TSE-positive human cerebral tissue.
In a prospective study, 77 brains of suspected TSE patients

were tested with the TeSeETM CJD ELISA and TeSeETM Western
blot assays and, in parallel, results were validated with the refer-
ence Ultracentrifugation Western blot (UC-WB) technique used
routinely in the laboratory. This cohort included 40 TSE patients
described in Table 1, 1 of whom had fatal familial insomnia. Twenty
of the 37 patients without post-mortem TSE signs had dementia,
including 15 with Alzheimer’s disease, 2 with Lewy body dementia,
3 with frontotemporal dementias and 1 with Parkinson’s disease;
the other 17 patients had no specific neurodegenerative lesions,
although 2 presented vascular lesions. This cohort study was
analysed to validate PrPres detection in TSE-positive brains with
the TeSeETM CJD ELISA and TeSeETM Western blot assays (Bio-Rad,
Marnes-la-Coquette, France).

Furthermore, control and CJD human brain materials were
obtained from the National Institute for Biological Stan-
dards and Control (NIBSC): two vCJD 129 Met/Met brains
(NHBXO/0014, NHBYO/0003) and one CJD-negative 129 Met/Met
brain (NHBZO/0005) (Minor et al., 2004).

For the detection of PrPres in human spleen, three samples from
patients diagnosed with vCJD were included after full necropsy,
versus three without CJD.

For the detection of PrPres in tonsil tissue, samples were obtained
after diagnostic tonsillectomy for suspected vCJD in four patients.
Two were classified as vCJD-positive after confirmation of diagnosis
on necropsy brain tissue, whereas the other two  were confirmed
as vCJD-negative.
nd confirmatory methods for biochemical diagnosis of human prion

2.2. Preparation of sample homogenates

Sample tissues (350 mg  brain or 200 mg  lymphoid tissue) were
homogenised with a TeSeETM Precess 48TM (Bio-Rad, Marnes-la-

dx.doi.org/10.1016/j.jviromet.2011.05.016
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oquette, France) in grinding tubes containing ceramic beads and
.4 mL  5% glucose solution. At least two different areas of each
rain (frontal cortex, occipital cortex, striatum or cerebellum) were
reated in independent homogenates for the prospective study. The
omogenisation process was modified slightly for lymphoid tis-
ue. After homogenisation, the weight/volume ratio was  20% for
rain material and 12.5% for lymphoid tissue. One to three areas
f spleen homogenate were also prepared and treated as separate
omogenates. Since little material was available, 100 mg  of one
onsil of a vCJD patient was diluted 2-fold in 100 mg  tonsil from

 non-CJD patient.
Two aliquots of sample homogenates, 250 �L and 500 �L,

espectively, were calibrated and collected for the ELISA and
estern blot assays, and frozen at −80 ◦C until analysis. For the

rospective study, brain homogenates from necropsies of sus-
ected CJD patients were divided into three aliquots before freez-

ng. One aliquot was dedicated to the ultracentrifugation Western
lot analysis for routine diagnosis. Calibrated homogenates were
hen treated with PK, and PrPres was precipitated according to the

anufacturer’s user-manual recommendations described below.

.3. Rapid test (TeSeETM CJD ELISA)

The TeSeETM CJD ELISA test (Bio-Rad, Marnes-la-Coquette,
rance) is a version of the TeSeE screening assay that is avail-
ble commercially for the detection of TSEs in animal brain and
eripheral tissues.

.3.1. PrPres purification
250 �L of the calibrated homogenates was digested for 10 min  at

7 ◦C with 250 �L PK solution (including tensio-active agents). An
daptation for the PK concentration was needed for lymphoid tissue
omogenates. Then 250 �L alcohol solution was  added and each
ube was centrifuged at 15,000 × g for 7 min. The pellet was dis-
olved at 100 ◦C for 5 min  after addition of 25 �L buffer containing
ensio-active agents. In cerebellar tissue, the pellet was  sometimes
oo large and viscous to be treated and was therefore discarded.

.3.2. PrPres detection
At the end of the purification process, all samples were diluted

n the kit diluent (R6 reagent). One hundred microliter of the
iluted samples was then transferred into the wells of an ELISA
icroplate pre-coated with monoclonal antibody (3B5). After 75-
in  incubation at 37 ◦C, the microplate was washed 3 times and

ncubated with horseradish peroxidase (POD)-labelled monoclonal
ntibody (12F10) for 60 min  at +2–8 ◦C. After 5 washing cycles,
00 �L substrate solution was added and colour development was
btained after incubation of 30 min  at room temperature in the
ark. Absorbencies at 450/620 nm were measured after stopping
he reaction with 100 �L stop solution. The entire assay was per-
ormed with common commercial reagents and using the tube and

icroplate equipment recommended by the assay manufacturer.
For the retrospective study, all samples (negative and positive)

ere tested neat and diluted to 1:15 and 1:150 in the kit R6 sample
iluent before being placed in the detection plate. In the second
lind and prospective cohort, the first aliquot of calibrated brain
omogenate was tested systematically neat and diluted at 1/150.

The various controls and human CJD brain materials from the
ational Institute for Biological Standards and Control (NIBSC) were
0% homogenised tissues in PBS in 0.25 M sucrose (Minor et al.,
004). Then, panel samples prepared with the two  NIBSC vCJD brain
Please cite this article in press as: Ugnon-Café, S., et al., Rapid screening a
disease. J. Virol. Methods (2011), doi:10.1016/j.jviromet.2011.05.016

omogenates spiked in a CJD-negative brain or tonsil homogenate
ere analysed to determine TeSeETM CJD ELISA test sensitivity.
sing negative brain or tonsil, dilution ranges were carried out from
67 �g to 2 �g CJD-positive tissue equivalent.
 PRESS
ical Methods xxx (2011) xxx– xxx 3

2.4. Western blot (TeSeETM Western blot)

The TeSeETM Western blot kit (Bio-Rad, Marnes-la-Coquette,
France) is also currently marketed for confirmation of suspected
animal TSE.

2.4.1. PrPres purification
500 �L of the calibrated homogenates was  treated as described

previously but with 500 �L of a 5-fold concentration of PK solution
and 500 �L of the same alcohol solution. An adaptation for the PK
concentration was needed for the lymphoid tissue homogenates.
After centrifugation, the pellet was solubilised by incubating at
100 ◦C for 5 min with 100 �L Laemmli buffer supplemented with
beta-mercaptoethanol and SDS. All samples were then centrifuged
at 15,000 × g for 15 min  for clarification. The supernatants were
transferred to new tubes. At this step, samples could be stored at
−20 ◦C for 24 h.

2.4.2. PrPres detection
Fifteen microliters of each sample, pre-heated at 100 ◦C for

4 min, were run on acrylamide gels for 90 min  at 150 V (Mini-
Protean 3, 1.5 mm  cell and Power Pac 200 – Bio-Rad).

Proteins were transferred onto a PVDF membrane by 1-h elec-
troblotting at 115 V in Tris-Caps buffer (Trans-Blot cell and Power
Pac 200 – Bio-Rad). Following transfer, the membrane was prepared
and blocked for 30 min  (Bl kit reagent). It was then incubated for
30 min  at room temperature with the monoclonal anti-PrP anti-
body Sha 31 (AbI kit reagent, Feraudet et al., 2005) under slow
agitation on a Western blot Processor (Bio-Rad). After a brief rinse
and 2 washing steps (5 and 10 min), the membrane was incubated
for 20 min  with a POD-labelled anti-mouse IgG goat antibody (AbII
kit reagent). The ECL Western blotting detection reagents (Amer-
sham) were used as substrate after 3 washing steps (respectively
5, 10 and 10 min). Results were visualised by exposure to ECL
Hyperfilms (Amersham). Films were exposed classically for 15 min,
but exposure time could be extended so as to optimise the sig-
nal. Molecular weights were determined with a protein standard
(Magic Mark, Invitrogen, France).

In the retrospective study, positive and negative brain
homogenates were first analysed neat. Secondly, positive ones (but
excluding fatal familial insomnia) were diluted in Laemmli solution
according to the optical density (OD) obtained with the TeSeETM CJD
ELISA test prior to loading on the gel. Lymphoid tissue homogenates
were only tested neat.

For the prospective study, based on the retrospective study
results and cut-off value, all samples negative on TeSeETM CJD ELISA
were tested neat with TeSeETM CJD Western blot using the second
brain homogenate aliquot, whereas positive samples were exam-
ined diluted in an adapted volume of Laemmli solution according to
the TeSeETM CJD ELISA OD value. Finally, TeSeETM CJD Western blot
test sensitivity was  determined using the same NIBSC homogenates
as for TeSeETM CJD ELISA sensitivity.

2.5. Ultracentrifugation Western blot (UC-WB) protocol

UC-Western blot analysis was  performed as described previ-
ously (Favereaux et al., 2004) with minor modifications (Quadrio
et al., 2009). Briefly, 10% brain homogenates were obtained using
glucose 5%. They were digested by proteinase K for 1 h at 37 ◦C
and were further ultracentrifuged for 1 h 15 min  at 800,000 RCF
(Thermo Scientific Sorvall Discovery M150 SE, rotor S140AT,
nd confirmatory methods for biochemical diagnosis of human prion

Thermo Fisher Scientific, Waltham, MA,  USA) in N-lauryl sarco-
syl. Pellets were resuspended and denatured. The supernatant was
collected for Western blot analysis. Samples were run in 16% SDS-
PAGE gels. After 9 h, diagnosis was obtained and a second Western

dx.doi.org/10.1016/j.jviromet.2011.05.016
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Fig. 1. Bar graph of cumulative optical density (OD) values from the frontal cortex
homogenate analysis of the retrospective cohort. OD values higher than 3.0 are over-
flow. Neat, 1/15 and 1/150 brain homogenate OD values are shown (AD: Alzheimer’s
disease; LBD: Lewy body dementia; PD: Parkinson’s disease; VaD: vascular demen-
tia; No Deg: non-neurodegenerative disease; sCJD: sporadic Creutzfeldt–Jakob
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Fig. 2. TeSeETM CJD ELISA results for peripheral tissue. Two or 3 different areas of
spleen from 3 TSE patients were tested (homogenates 1, 2 and 3). Since there was
only a small amount of tonsil material available, only one area was treated and, for
one tonsil (B) obtained from a vCJD patient, 100 mg was diluted 2-fold in 100 mg
of  tonsil from a non-TSE patient. The red arrow represents the OD cut-off value

(Fig. 4, obtained after an exposure of 1 h).
The detection limit for analysis of the NIBSC vCJD samples by

TeSeETM CJD Western blot was  3 �g CJD-positive brain equivalent.

Fig. 3. The effect of NIBSC vCJD sample homogenate dilution in negative matrix for
detection of PrPres by the TeSeETM CJD ELISA kit. Neat brain homogenates from NIBSC
samples NHBYO/0003 and NHBYO/0014 were 10% homogenised tissues in PBS in
0.25  M sucrose. The first dilution was  performed at 1:100 in either in negative brain
homogenate or tonsil homogenate so as to obtain concentrations of 20% in brain
isease; vCJD: variant Creutzfeldt–Jakob disease; FFI: fatal familial insomnia; gCJD:
enetic Creutzfeldt–Jakob disease; iCJD: iatrogenic Creutzfeldt–Jakob disease; GH:
rowth hormone).

lot was carried out on TSE-positive homogenates for PrPres pattern
haracterisation.

. Results

.1. Retrospective study: suitability for human prion detection
nd confirmation of PrPres in brain and lymphoid tissue

.1.1. TeSeETM CJD ELISA

.1.1.1. Diagnostic sensitivity. Brain tissue: In the absence at the
ime of study of a predetermined cut-off value adapted for human
rain tissue, a CJD and a TSE-negative population were compared.

From the cohort of 28 patients, the suitability of the TeSeETM

JD ELISA test was confirmed, and an initial cut-off value was
et (Fig. 1). For the negative samples (n = 14), tested neat, the
ean and standard deviation (SD) were calculated at respectively

.039 OD and 0.018 OD. OD values for positive samples were
ll between 1.796 and overflow (≥3.0 OD). The cut-off value of
he test was then calculated by the mean plus three standard
eviation of the negative sample: the cut-off value was 0.092 OD.
ccording this value, the samples were classified as negative or
ositive.

In a similar approach, vCJD and non-CJD spleens and tonsils were
lso investigated by the rapid TeSeETM CJD ELISA test (Fig. 2).

Tonsil: Two patients with vCJD and two CJD-negative patients
ere investigated. Absorbance values measured for the two  vCJD

amples were respectively 2.034 OD for vCJD case A (tested neat)
nd 0.151 OD for vCJD case B (tested diluted at 1/2). The two neg-
tive samples were clearly lower, at 0.023 OD and 0.024 OD.

Spleen: Three patients with vCJD and three CJD-negative
atients were investigated. For positive samples, independent sam-
le homogenates prepared from two or three tissue areas were
ested. Spleen A was detected at 0.460, 0.260 and 0.342 OD while
pleen C was detected at 0.323 and 1.206 OD. Spleen B was  mea-
ured at 1.102, 2.259 and 1.339 OD. All non-CJD samples (Neg A to
eg C) gave lower ODs, from 0.018 to 0.022 OD, with a mean of
.020 OD.
Please cite this article in press as: Ugnon-Café, S., et al., Rapid screening a
disease. J. Virol. Methods (2011), doi:10.1016/j.jviromet.2011.05.016

.1.1.2. Detection limit. The detection limit estimated on NIBSC
ample homogenates, prepared with the two NIBSC vCJD brain
omogenates (NHBYO/0003 and NHBYO/0014) spiked in TSE-
egative brain or tonsil homogenate, is recapitulated in Fig. 3. The
from non-TSE brain homogenates (vCJD: variant Creutzfeldt–Jakob disease). (For
interpretation of the references to colour in this figure legend, the reader is referred
to the web version of the article.)

dilution range was performed using negative brain or tonsil, and
PrPres was  detected with good diagnostic discrimination in 19 �g
CJD-positive brain equivalent. On analysis of the NIBSC vCJD sam-
ples, TeSeETM CJD ELISA was able to detect PrPres with the same
level of optical density, regardless of matrix (brain or tonsil).

3.1.2. TeSeETM Western blot
In this retrospective study, the expected typical three-band

molecular pattern of PrPres was identified correctly in all brain
regions for the 13 CJD and one FFI patient, and not in the 14 non-TSE
patients.

In peripheral tissue, typical CJD-positive patterns were also
obtained with the TeSeETM CJD Western blot test in lanes cor-
responding to CJD-positive spleen and diluted CJD-positive tonsil
nd confirmatory methods for biochemical diagnosis of human prion

matrix and 12.5% in tonsil matrix. The subsequent points were obtained by succes-
sive  3-fold incremental dilutions in R6 up to 1:8100. The red arrow represents the
OD  cut-off value from non-TSE brain homogenates (vCJD: variant Creutzfeldt–Jakob
disease). (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of the article.)

dx.doi.org/10.1016/j.jviromet.2011.05.016
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Fig. 4. TeSeETM Western blot analysis from CJD or non-CJD lymphoid tissue
homogenates (ECL, 1 h). Lanes 1 and 5: type 2b PrPres control obtained with UC
precipitation (brain). Lane 2: non-TSE spleen homogenate; lane 3: vCJD spleen
homogenate; lane 4: molecular mass marker. The bands correspond to the molec-
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Table 2
Number of brain homogenates tested in the prospective study for each brain area.
Brain homogenates are classified according to the retrospective OD cut-off value
(OD = 0.092) and proved autopsy diagnosis.

CNS tested area TSE patients Non TSE patients

Cerebellum 36 31
(+4 viscous) (+6 viscous)

OD > cut-off 36 0
OD  < cut-off 0 31

Striatum 26 22
OD > cut-off 26 0
OD < cut-off 0 22

Frontal cortex 38 37
OD > cut-off 38 0
OD  < cut-off 0 37

Occipital cortex 27 20
OD > cut-off 27 0
OD < cut-off 0 20

Thalamus 1 0
OD > cut-off 1 0
OD  < cut-off 0 0

Total nb. of BH 128 110
OD > cut-off 128 0
OD  < cut-off 0 110

TSE: transmissible spongiform encephalopathy; Nb: number; OD: optical density;
CNS: central nervous system; BH: brain homogenate.

Fig. 6. TeSeETM Western blot analysis from a sCJD patient (patient A) with type 1
PrPres and a patient without TSE (patient B) (15 min in ECL). For each patient, 3 areas
were treated: cerebellum (lanes 2 and 7), striatum (lanes 3 and 8), and frontal cortex
(lanes 4 and 9). Lane 1: type 1 PrPres control from sCJD. Lanes 2–4: patient A samples
diluted in 1/150 in Laemmli buffer before loading on gel. Lanes 5 and 10: type 2a
PrPres control from sCJD. Lane 6: non-TSE control brain homogenate. Lanes 7–9: neat
patient-B samples loaded on gel (sCJD: sporadic Creutzfeldt–Jakob disease).

F
d
T
m

lar mass markers of 30 kDa and 20 kDa, respectively, from up to down. Lane 6:
on-TSE tonsil homogenate; lane 7: vCJD patient, 100 mg  diluted 2-fold in 100 mg
onsil from a non-TSE patient.

his test was able to detect PrPres with the same band revelation
ntensity, regardless of matrix (brain or tonsil) (Fig. 5).

.2. Prospective brain study

.2.1. TeSeETM CJD ELISA
Based on the results of the first study, brains from suspected

JD patients were tested prospectively as unknown samples in
arallel to the routine UC-Western-blot technique. Of the 248
omogenates obtained from 77 patients, 10 cerebellum samples
ere too viscous to be tested (Table 2). Using the predetermined

ut-off 0.092, 109 of the 238 remaining samples were negative and
ne weakly positive (OD 0.095) but not confirmed by an inde-
endent second run (OD 0.025). Finally, 110 were TSE-negative
nd 128 TSE-positive. Compared to the routine UC-WB and the
europathological/immunohistochemistry (IHC) data, the sensi-
ivity and specificity were both 100%. Thirty-seven negative (110
omogenates) and 40 positive patients (128 homogenates) were
ested and identified correctly. Ninety-five percent of CJD-positive
omogenates showed OD values better than 1.5. Five homogenates
ad OD values lower than 0.5 but nevertheless positive; four of
hese came from the neat FFI homogenates (0.15–0.45) and the
ther was an occipital cortex homogenate from type 2 PrPres sCJD
ith optical density of 0.327, which was very low compared to the

ery high values (>3 OD) of the same patient from the other three
rain areas tested. Finally, cut-off was determined on 128 TSE-
egative homogenates. The final cut-off value was almost identical
o that of the retrospective study, at 0.081.
Please cite this article in press as: Ugnon-Café, S., et al., Rapid screening a
disease. J. Virol. Methods (2011), doi:10.1016/j.jviromet.2011.05.016

.2.2. TeSeETM Western blot
The 248 homogenates were analysed in the light of the results

btained with TeSeETM CJD ELISA, but blind to the data of rou-
ine UC-WB and neuropathological findings. One hundred and

ig. 5. TeSeETM Western blot analysis from NHBYO/003 homogenate diluted in non-TSE 

iluted in 1/100 in non-TSE matrix (75 �g CJD-positive brain equivalent). Lanes 2–6: succe
SE  matrix (corresponding respectively to 25 �g, 8 �g, 3 �g, 1 �g and 0.3 �g of CJD-posit
ass  marker. The bands correspond to the molecular mass markers of 30 kDa and 20 kDa
thirty-two neat homogenates (including 4 viscous homogenates)
were found positive whereas 116 neat homogenates (including 6
viscous homogenates) were found negative. These data confirmed
the TeSeETM CJD ELISA data and were in agreement with the 100%
specificity and sensitivity of the IHC and routine UC-WB method,
leading to a classification of 37 TSE-negative and 40 TSE-positive
patients (Fig. 6).
nd confirmatory methods for biochemical diagnosis of human prion

brain (A) or in non-TSE tonsil (B) (ECL+, 30 min). Lane 1: NHBYO/003 homogenate
ssive 3-fold Laemmli dilutions of NHBYO/003 homogenate diluted in 1/100 in non-

ive brain equivalent). Lane 7: neat non-TSE homogenate matrix. Lane 8: molecular
, respectively, from up to down.

dx.doi.org/10.1016/j.jviromet.2011.05.016
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Fig. 7. Molecular patterns of TSE brains obtained on TeSeETM Western blot assay.
Brain homogenates from 6 TSE patients were diluted in Laemmli solution to give
comparative PrPres signals. Lane 1: sCJD control type-1 PrPres obtained with UC
precipitation; lane 2: vCJD type-2b PrPres; lane 3: sCJD type-1 PrPres; lane 4: sCJD
type  2 PrPres; lane 5: FFI D178N type 2 PrPres; lane 6: gCJD E200K type 1 PrPres;
lane 7: iCJD GH type-1 PrPres; lane 8: sCJD control type-2 PrPres obtained with
UC precipitation. Lane 9: molecular mass marker. The bands correspond to the
molecular mass markers of 30 kDa and 20 kDa, respectively, from up to down
(sCJD: sporadic Creutzfeldt–Jakob disease; vCJD: variant Creutzfeldt–Jakob disease;
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Fig. 8. (A) Box plots of TeSeETM CJD ELISA: OD distribution in TSE and non-TSE popu-
lations in the prospective study. Cerebellum: non-TSE (n = 31), TSE (n = 36); striatum:
non-TSE (n = 22), TSE (n = 26); frontal cortex: non-TSE (n = 37), TSE (n = 38); occipital
cortex: non-TSE (n = 20), TSE (n = 27); thalamus: TSE (n = 1). (B) Mean cell plots of
TeSeETM CJD ELISA: mean OD in the different TSE etiologies and non-TSE popula-
tion  in the prospective study. Fatal familial insomnia (FFI) is indicated by an asterisk
(*). Cerebellum: growth hormone CJD (iCJD GH) (n = 2), genetic TSE (gCJD) (n = 1),
non-TSE (n = 31), sporadic CJD(sCJD) (n = 32), variant CJD (vCJD) (n = 1); striatum: FFI
(n = 1), iCJD GH (n = 2), non-TSE (n = 22), sCJD (n = 23); frontal cortex: FFI (n = 1), iCJD
FI: fatal familial insomnia; gCJD: genetic Creutzfeldt–Jakob disease; iCJD: iatro-
enic Creutzfeldt–Jakob disease; GH: growth hormone; UC-WB: ultracentrifugation
estern blot).

.3. Discrimination of PrPres molecular pattern

The TeSeETM Western blot assay could detect the typical PrPres

atterns in sporadic CJD (sCJD) types 1 and 2, which were distin-
uishable from the patterns of vCJD, genetic E200K and fatal familial
nsomnia (Fig. 7). PrPres isolated from the various categories of TSE
atients (variant, sporadic T1, sporadic T2, genetic E200K and fatal
amilial insomnia) showed the same glycosylation patterns as iden-
ified previously by routine UC-WB. The glycoform ratios, although
ot measured strictly, were similar to those obtained by the routine
ethod.
PrPres was identified clearly with a typical molecular pattern in

ll vCJD spleen and tonsil samples, whereas no signal was  found in
atients without CJD (Fig. 4).

.4. PrPres heterogeneity in tissue

In the prospective study, several areas of each brain were tested
y the TeSeETM CJD ELISA and TeSeETM Western blot assay. The
esulting optical densities showed heterogeneity in the PrPres dis-
ribution of TSE patients according to brain area (Fig. 8A) and TSE
tiology (Fig. 8B), with a ratio of 50% between two areas of a given
rain. TeSeETM Western blot results presented in Fig. 6 for patient

 also showed such heterogeneity: PrPres molecular pattern inten-
ity decreased from striatum (lane 3) to frontal cortex (lane 4)
nd cerebellum (lane 2). Optical densities obtained for 1/150 brain
omogenates from the same sCJD patient on TeSeETM CJD ELISA
howed an identical trend, with 2.620 OD for the striatum, 2.448
D for the frontal cortex and 2.057 OD for the cerebellum. In addi-

ion, the frontal cortex, occipital cortex and striatum from the FFI
atient gave low but positive OD values (respectively 0.184, 0.150
nd 0.164), whereas the thalamus was positive more clearly (0.456
D; all marked with an asterisk in Fig. 8A). Finally, as in the brain,
ariability was found in the ELISA OD values for different areas of
he spleen (Fig. 2), reaching 75% for spleen C.

. Discussion

TeSeETM Western blot and TeSeETM CJD ELISA permitted clear
iscrimination of the 54 TSE patients and the 51 without TSE,
ith no equivocal results. These data, obtained both on a well
Please cite this article in press as: Ugnon-Café, S., et al., Rapid screening a
disease. J. Virol. Methods (2011), doi:10.1016/j.jviromet.2011.05.016

haracterised panel of brain tissue examined retrospectively and
n a prospective blind patient cohort, showed that the full process
sed for animal TSE was transferred successfully to human applica-
ion. The monoclonal antibodies used in these assays were selected
GH (n = 2), gCJD (n = 1), non-TSE (n = 37), sCJD (n = 33), vCJD (n = 1); occipital cortex:
FFI  (n = 1), iCJD GH (n = 1), gCJD (n = 1), non-TSE (n = 20), sCJD (n = 24).

for their sensitive detection of the PK-treated and denatured PrP.
The capture antibody 3B5 recognises the octarepeat region of PrP
(Krasemann et al., 1996, 1999), while the tracer antibody 12F10
binds to the core part of the protein (Feraudet et al., 2005). PK diges-
tion is carried out in a controlled concentration and a controlled
medium (mixture of detergent and chaotropic agents) to preserve
the N-terminal epitope. This octarepeat region is present in human
PrP and PrP in various animal species, and probably explains in
part the successful interspecies transfer found with both tests.

TeSeETM CJD ELISA detected efficiently PrPres in the brain tis-
sue of all CJD and fatal familial insomnia patients. In this assay,
however, a very large and viscous pellet was  observed in 10 of the
77 cerebellum homogenates at the end of purification, leading to
very heterogeneous samples in which the pellet was not dissolved
completely. Consequently, these samples were not tested. This was
observed in both TSE-negative (6 cases) and TSE-positive (4 cases)
samples, but exclusively in the cerebellum. Thus 4% of samples (10
out of 238 homogenates) were not examined on ELISA. In these
10 patients, the OD for the other brain homogenate areas were
nd confirmatory methods for biochemical diagnosis of human prion

available and showed clearly positive or negative OD  values, per-
mitting unequivocal diagnosis in these patients. The case of fatal
familial insomnia should be noted, because of the weak OD values

dx.doi.org/10.1016/j.jviromet.2011.05.016


 ING Model

V

irolog

o
n
g
r
(
h
t
s
o
n
a

i
s
p
v
b
R
h
s
t
i
(
s
a
t
d

3
n
d
e
n
p
t
c
s
t
h
a
s
o
p
c

t
C
E
s
w
m
3
3
T
w
v
t
g
d
s

a
s

a
e

ARTICLEIRMET-11558; No. of Pages 8

S. Ugnon-Café et al. / Journal of V

btained in the various homogenates tested. The cerebellum was
ot testable, and the frontal cortex, occipital cortex and striatum
ave low ODs under 0.2 units absorbance, but strongly positive with
espect to the cut-off value determined on non-TSE homogenates
0.081 units absorbance). In the fatal familial insomnia patient,
owever, absorbance in the thalamus area was clearly higher than
he cut-off value (0.456 OD). In the prospective study, the test was
lightly positive in one occipital cortex homogenate, whereas the
ther brain-area homogenates from the same patient were strongly
egative; this occipital cortex homogenate was identified correctly
s negative on retest.

For tonsil examination, the TeSeETM CJD ELISA gave good results
n the two raw samples tested: OD was 0.151 for the 2-fold diluted
ample and 2.034 for the neat sample, and classified as clearly
ositive, whereas non-vCJD tonsil results were below the cut-off
alue defined on brain tissue. As in brain, ELISA OD values varied
etween different areas of the spleen, by as much as a factor of 3.
esults on at least two  or three spatially separate neat and diluted
omogenates were necessary to validate diagnosis with 100% sen-
itivity and specificity. The heterogeneity of PrPres rates observed in
he present ELISA results in different brain areas was  well described
n the brain (Parchi et al., 2000; Schoch et al., 2006) and the spleen
Peden et al., 2010) and probably also exists in the tonsil. Con-
equently, it is absolutely necessary to test at least two different
reas in the brain and spleen for the post-mortem diagnosis. In
he tonsil, all available tissue should be tested for the pre-mortem
iagnosis.

The recommended quantity in the extraction kit is respectively
50 mg  and 200 mg  for brain and lymphoid tissue. However, while
ot an essential issue for brain examination, this quantity could be
ifficult to obtain from peripheral tissue such as the tonsil. Some
xperiments were carried out with small quantities of tissue (data
ot shown). In order to conserve the 20% tissue homogenate, a pro-
ortional decrease in brain material (starting with only 40 mg  of
issue) and reagent volume (200 �L 5% glucose) was tested suc-
essfully, with the same sensitivity as with 350 mg  of tissue. The
econd possibility examined was to decrease the initial quantity of
issue in order to prepare a more concentrated homogenate: 12.5%
omogenate in glucose from only 25 mg  of tissue could also offer an
lternative. In that case, the volumes of the buffers added succes-
ively according to the initial ratio must be adapted correctly. Based
n these results, both these tests could enable testing of tiny sam-
les from biopsies that do not show the relevant histopathological
hanges.

In addition, a dilution study with the NIBSC samples showed
hat the sensitivity of the two tests enabled detection of weakly
JD-positive brain tissue. For the two NIBSC vCJD samples, TeSeETM

LISA was able, at the tested dilution, to detect up to 190 nL of
ample (corresponding to 19 �g of TSE brain tissue equivalent),
hereas TeSeETM Western blot was able to detect the typical
olecular pattern in the equivalent of 80 nL (8 �g). Diluted in

50 mg  CJD-negative brain or in 200 mg  negative tonsil, 19 �g or
 �g of CJD-positive brain tissue were respectively enough for
eSeETM ELISA and TeSeETM Western blot. Increasing exposure time
ith ECL+ led to detection of an equivalent of 30 nL (3 �g) of 10%

CJD brain in tonsil tissue homogenate. These data were similar to
he reported immunoassay data, using differential PrP extraction in
uanidine hydrochloride, quantified by DELFIA technology, which
etected an equivalent of 100 nL 10% vCJD brain (NHBYO/0003)
piked in tonsil homogenate (Dabaghian et al., 2006).

The TeSeETM CJD Western blot test detected successfully
ll positive brain, spleen and tonsil homogenates, with 100%
Please cite this article in press as: Ugnon-Café, S., et al., Rapid screening a
disease. J. Virol. Methods (2011), doi:10.1016/j.jviromet.2011.05.016

ensitivity and specificity.
To have a complete evaluation of the TeSeETM Western blot

ssay, its capacity for molecular typing of PrPres was  tested (Parchi
t al., 1999). A varied panel of PrPres molecular patterns from dif-
 PRESS
ical Methods xxx (2011) xxx– xxx 7

ferent causes identified previously by routine UC-WB on brain
homogenates was  compared using the Bio-Rad assay. The TeSeETM

Western blot assay distinguished correctly the different patterns
of type-1 and type-2 PrPres and enabled recognition of the differ-
ent glycoforms of human brain PrPres without significant shift. The
vCJD molecular PrPres pattern was discriminated from those found
in sporadic or genetic CJD. The exact correlation between the two
techniques indicated that this method was  compliant for molecu-
lar typing of PrPres in TSE. In a few cases, additional bands near 15
or 17 kDa were seen in some positive brain areas by the Bio-Rad
assay, as described by Notari et al. (2008) for Western blot using
anti-COOH-PrP moiety antibodies.

According to the manufacturer’s recommendations, the ECL
Western blot detection reagents were used as substrate for the
TeSeETM CJD Western blot test, and results were visualised as
necessary by exposure to ECL Hyperfilms for 15 min. However, due
to a lack of sensitivity, it was necessary to change the detection
reagent and/or expand the exposure time for the spleen and
tonsil (Figs. 4 and 5). These modifications sometimes led to the
appearance of a weak band above 30 kDa, considered as an artefact
(lane 2 Fig. 4, and lane 7 Fig. 5). Nevertheless, even when present,
this slight signal was  not a source of diagnostic error, as the
complete three-band PrPres pattern was  not identified. Although
this assay should be optimised for tonsil examination to avoid
this artefact, these preliminary results allow confidence for the
detection of PrPres on raw pre-mortem tonsils from vCJD.

Finally, the determination of the ELISA OD value guides positive
sample dilution for WB  analysis. Excessively concentrated load in
one lane on the gel prevents interpretation of results in neighbour-
ing lanes. Taking account of the ELISA results enables immediately
interpretable confirmation of diagnosis on Western blot. With
TeSeETM CJD ELISA, reliable pre-mortem diagnosis could be deliv-
ered to clinicians within 4 h, particularly in case of contaminated
device isolation. In a second step, the TeSeETM Western blot
assay protocol enables the antibody recognition of the different
glycoforms of human brain PrPres to characterise the PrPres pattern.
Thus, the vCJD PrPres molecular pattern is discriminated from that
found in the sporadic or genetic CJD.

A diagnostic strategy for prion diseases is proposed, using these
robust commercial kits. At least two different brain areas (frontal
and occipital cortex, striatum or cerebellum) of the suspected
CJD patient are to be collected. Each brain area homogenate is
prepared from 350 mg  of tissue and divided into three aliquots:
one of 250 �L for the TeSeETM CJD ELISA and another of 500 �L for
the TeSeETM Western blot, with the rest as backup. These aliquots
are frozen at −80 ◦C. The TeSeETM CJD ELISA is carried out with neat
and 1/150 R6 diluted homogenate. After 4 h, the corresponding
OD values are obtained and the PrPres status is available on a first
screening using ELISA. In a second step, if the OD value is below
cut-off, the second aliquot is loaded neat for the TeSeETM Western
blot assay; if the OD value is above cut-off, TeSeETM Western
blot assay is carried out with neat and diluted homogenate. The
dilution factor is determined so as to obtain a final OD value near
0.015. About 7 h are necessary to confirm the diagnosis of TSE,
determine the PrPres molecular pattern, and discriminate sporadic
or genetic from variant CJD. In short, with this proposal, 4 h are
needed for diagnosis and two days for biochemical confirmation
and characterisation of the prion disease.

5. Conclusion

These commercial kits, supplied initially for animal TSE diseases,
nd confirmatory methods for biochemical diagnosis of human prion

were validated successfully for detection of PrPres in human brain
for diagnostic purposes. In lymphoid tissue, PrPres was detected in
the few samples available, and completed the results reported by
Clewley et al. (2009) in tonsil study.

dx.doi.org/10.1016/j.jviromet.2011.05.016
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The feasibility study data demonstrated that the TeSeETM CJD
LISA and TeSeETM Western blot kits are suitable for detection of
rPres in human brain and lymphoid tissue. They seem to be a good
lternative to the time-consuming method using ultracentrifuga-
ion. Furthermore, the complete study carried out on a larger cohort
f patients confirmed these results, particularly for tonsil, which is
navailable from NIBSC. Using validated commercial tests is a guar-
ntee for biologists in terms of robustness and reproducibility for
outine diagnosis purposes and could be helpful in any diagnosis
aboratory concerned by Quality Assurance Policy and Accredita-
ion regulation. The TeSeETM Western blot kit can be used efficiently
or confirmation of any TSE-suspected sample with 100% sensitivity
nd specificity and for typing of TSE strains.
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