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Abstract – A diagnosis of TSE / scrapie in sheep is based on a positive ELISA of the obex, which
is confirmed by confirmation tests, such as histopathology, immunohistochemistry, electronmicro-
scopy (scrapie associated fibrils (SAF)) and Western blot. However, preclinical scrapie cases may
only be detected 3 months before the onset of symptoms based on a positive ELISA of the obex,
while a 1.5 year preclinical diagnosis can be obtained based on a positive immunostaining of the
lymphoid tissue (tonsil, spleen, lymph node, third eyelid) with other tests on the brain tissue still
being negative. The brain tissue and spleen of positive (clinical and preclinical) and negative scrapie
sheep were examined with immunohistochemistry, ELISA and Western blot. In most cases, all tests
were consistent for the same tissue. It can be concluded that with minor adaptations of the ELISA
technique, ELISA on the lymphoid tissue of sheep are as reliable, easier and quicker to perform than
immunohistochemistry. This can be of importance in epidemiosurveillance, i.e. the detection of
infected (clinical cases and preclinical cases), and the eradication and spread of the disorder within
the population.

sheep / scrapie / ELISA / brain / spleen

Résumé – Utilisation de la technique ELISA sur des homogénats de cerveau et de rate pour
diagnostiquer l’encéphalopathie spongiforme transmissible / tremblante chez les moutons. Le
diagnostic de la tremblante chez les moutons est fondé sur un test ELISA positif, pratiqué sur des
échantillons d’obex, suivi d’un test de confirmation par histopathologie, immunohistochimie,
microscopie électronique (protéines fibrillaires associées à la tremblante (SAFs)) ou Western-blot.
Alors que le diagnostic préclinique de tremblante ne peut être posé que 3 mois avant le début des
premiers symptômes avec les tests de type ELISA, il existe un dépistage précoce qui peut être réalisé
un an et demi avant l’apparition des premiers signes cliniques. Ce dépistage est basé sur une analyse
immunohistochimique des tissus lymphoïdes (amygdale, rate, ganglion, troisième paupière) et donne
des résultats positifs alors que les tests classiques sont négatifs sur le tissu cérébral. Une étude a été
menée afin d’examiner et de comparer les résultats obtenus par immunohistochimie, ELISA et
Western-blot sur le tissu cérébral et la rate de moutons diagnostiqués positifs (cliniques et
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précliniques) ou négatifs à la tremblante. Dans la plupart des cas, les différents tests réalisés sur un
même tissu ont donnés des résultats concordants. La technique ELISA et son application aux tissus
lymphoïdes de moutons a donc été aussi fiable, plus facile et plus rapide que l'immunohistochimie.
Ceci peut être d'importance pour l'épidémiosurveillance de la tremblante, c’est-à-dire la détection
des moutons infectés (cas cliniques et précliniques), dans le but d’éradiquer la tremblante chez les
ovins. 

mouton / tremblante / ELISA / cerveau / rate 

1. INTRODUCTION

Scrapie is a fatal transmissible spongi-
form encephalopathy caused by prions. Prion
diseases also include Creutzfeldt-Jakob dis-
ease (CJD) in humans, bovine spongiform
encephalopathy (BSE) in cattle and chronic
wasting disease (CWD) in wild ruminants.
Typical features of these diseases are a long
incubation period and the gradual vacuola-
tion of brain neurons and neuropil. The
pathogenesis of the disease is believed to be
due to the conversion of the normal protease-
sensitive prion protein, PrPc, into a partly
protease-resistant isoform, PrPsc, which accu-
mulates progressively in the central nervous
system of the affected animals [4, 17].

Oral infection is likely to be the natural
route of scrapie infection in sheep [8]. The
pathogenesis of natural scrapie could be
discerned in three phases [24]. The first
phase is the invasion of the gut associated
lymphoid tissue (GALT) [10], such as pal-
atine tonsils, Peyers patches and enteric
draining lymph nodes. It is believed that via
M-cells, the scrapie agent gains access to the
underlying tissues [12]. Then, the scrapie
agent is carried via dendritic cells or macro-
phages to the germinal centres of the under-
lying lymphoid follicles [1]. The PrPsc

containing and free-ranging cells present in
the cortical and paracortical sinuses of the
follicles could be responsible for dissemi-
nation of the scrapie agent. When these cells
gain access to the efferent lymph and sub-
sequently the blood stream they could
produce the second stage of the scrapie
pathogenesis, which is the dissemination of
the scrapie agent to non-GALT-associated
lymphoid tissues. The third stage of scrapie
pathogenesis is neuroinvasion. Van Keulen

et al. [24] have found the enteric nervous
system (ENS) as the first neural tissue to be
infected by the scrapie agent. The close
association between the Peyer patches of
the gut and the submucosal and myenteric
plexus of the enteric nervous system could
facilitate infection of the ENS. From there,
the scrapie agent follows parasympathetic
and sympathetic efferent neuronal path-
ways to finally gain access to the brain and
via the ganglion mesentericum craniale/
coeliacum to the spinal cord. In the brain,
the scrapie agent spreads in both an ascend-
ing and descending direction. However,
other routes of neuroinvasion are not pre-
cluded. It is also theoretically possible that
the scrapie agent travels to the CNS through
other peripheral nerve endings originating
from infected non-GALT lymphoid tissues
or through haematogenic spread of the
scrapie agent during a possible “viremic”
phase. However, some less sensitive PrP
genotypes show a scrapie infection of the
central nervous system without prior inva-
sion of the lymphoid tissues comparable to
the BSE pathogenesis in cattle [24].

Roels et al. [20] demonstrated that clin-
ically affected and scrapie positive sheep
showed histopathological lesions in the
brainstem and positivity of the obex and
tonsils on immunohistochemistry (IHC).
However, there were also some sheep with
no clinical symptoms or histopathological
lesions in the brainstem, but with a positive
reaction of the tonsils and obex on immu-
nohistochemistry or a positive immunohis-
tochemical reaction of the tonsils alone.
Similar findings were also observed by
Grassi et al. [7] and Schreuder et al. [19].
Grassi and colleges [7] diagnosed preclini-
cal cases 3 months before the onset of
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clinical symptoms using an ELISA of the
obex. Schreuder et al. [19] detected preclin-
ical cases more than one and a half years
before clinical symptoms normally appear
with the IHC of tonsil biopsies of live ani-
mals. From a diagnostic and epidemiolog-
ical point of view, it may be interesting not
only to detect the clinically affected scrapie
sheep but also the preclinically affected
scrapie sheep. IHC is a practical and sensi-
tive diagnostic method that can be performed
in every histopathological laboratory.
However, the protocol for IHC requires a
minimum of 3 to 5 days of preparation time
before specimens are ready for microscopic
evaluation, whereas ELISA (TeSeE kit –
Bio-Rad, Nazareth, Belguim) requires only
5 hours before the results are available [9].

The present paper describes the possibil-
ity for the use of the sheep’s spleen in epi-
demiosurveillance via a rapid testing protocol
(EC regulation 999/2001).

2. MATERIALS AND METHODS

In Belgium, since April 2002, all dead or
slaughtered sheep older than 18 months are
tested with a rapid test (TeSeE kit, Bio-Rad,
Nazareth, Belgium) [5, 6] for scrapie through
the active TSE surveillance programme
[16, 21]. This rapid test is used for the diag-
nosis of bovine spongiform encephalopathy
(BSE) in bovine brain tissues [11], but is
also suitable for the diagnosis of scrapie in
sheep, since both the monoclonal antibod-
ies used in this test recognise the ovine PrP
protein [2]. For the ELISA test, a brain tis-
sue of a sample of 350 ± 40 mg of the obex
region is required [20]. Instead, only 200 ±
25 mg of spleen tissue is necessary [9] for
the same test. Spleen tissue and lymphoid
tissue in general are more fibrous than brain
tissue, therefore a slight modification of the
grinding procedure is implemented, such as
the addition of a macro bead in the grinding
tube (Fig. 1) of the TeSeE purification phase
and 2 cycles of 45 s agitation in the homog-
eniser instead of one cycle for brain tissue.
All the other steps of the purification proc-

ess are unchanged as well as the detection
phase.

The results of the ELISA, immunohisto-
chemistry and Western blot of the brain –
and spleen homogenates of the same sheep
were compared.

The brain tissue was routinely further
examined for TSE / scrapie with the classi-
cal (confirmation) tests: SAF, histopathol-
ogy, immunohistochemistry (IHC) [25] and
Western blot (Ovine WB using antibodies
SAF60 and BAR226; Bio-Rad, Marnes-la-
Coquette, France). A positive scrapie diag-
nosis is based on minimum one positive
confirmation test (Federaal Agentschap
voor de Veiligheid van de Voedselketen –
Procedure P012: Behandeling van een ver-
dacht TSE-monster – 1 oktober 2003). Another
lymphoid tissue (tonsil and mandibular
lymph node) was tested immunohistochem-
ically if present. The IHC technique using
the antibody R524-7 (rabbit anti-PrP-pep-
tide serum, kindly provided by CIDC –
Lelystad, The Netherlands) and 2G11
(Institut Pourquier, Montpellier, France) is
described by van Keulen et al. [22]. A pos-
itive or negative IHC is based on respec-
tively a positive or negative IHC with both
antibodies. If the IHC of both antibodies do
not match, the final conclusion of IHC is

Figure 1. Photograph of the grinding tube with
small ceramic beads (for brain tissue) and one
large (in the middle of the tube) macro bead
(for lymphoid tissue) in a 5% glucose solution.
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based upon the results of the other tests on
the spleen.

Non-coagulated blood samples of all
sheep were genotyped using denaturing gra-
dient gel electrophoresis (DGGE) [3].

3. RESULTS

The data of the different tests (including
ELISA and IHC) performed on the brain
and spleen homogenates of the different
sheep can be found in Table I. 

The first set of samples (samples 1–24)
show a positive ELISA and IHC of the obex
and spleen of the same sheep. The WB was
negative in only 3 cases, but the optical den-
sity of the ELISA of these cases was low.
All sheep had at least one VRQ allele of the
PrP gene.

The following three samples (samples 25–
27) show a positive ELISA and IHC of the
obex, but a negative ELISA of the spleen of
the same sheep. However, in one case (sam-
ple 27) the WB of the spleen was positive
and in two cases (samples 26, 27) the IHC
of the spleen was also positive.

The third set of samples (samples 28–30)
had a negative ELISA and IHC of the obex,
but a positive ELISA and IHC of the spleen.
In only one case (sample 28) another con-
firmation test (WB) of the obex was posi-
tive. All spleen WB were positive.

Samples 31 and 32 are examples of neg-
ative cases. All tests performed (including
ELISA and IHC of the obex and spleen)
were negative.

The fifth set of the samples (samples 33–
38) had a negative ELISA of the obex and
spleen. The IHC of the obex and spleen with
antibody 2G11 was negative, while a scat-
tered slightly positive signal on the IHC of
the spleen was observed using the R524-7
antibody. Nevertheless, the IHC of the spleen
was considered negative since the WB and
ELISA of the spleen (and obex) were all
negative. 

4. DISCUSSION

Based on the data reported in this study,
the ELISA of the sheep’s spleen is also an
excellent and effective diagnostic tool for
scrapie screening. IHC and ELISA appear
to be equally sensitive for the detection of
scrapie. Moreover, likely neither test is com-
pletely accurate in early cases with minimal
PrPsc deposition. It must be stressed that the
process of full validation of all of these diag-
nostic methods for TSE has been restrained
by the lack of a true gold standard and the
consequent need to apply standards of com-
parison based on relatively small studies.
There is therefore a continuing need for the
publication of larger scale studies of assay
performance. Caution must be exercised in
the comparative interpretation of tests applied
to apparently healthy animals since differ-
ent tests may vary in their sensitivities rela-
tive to the stage of incubation and pathogenesis
of the disease [13]. This may explain some
discrepancies (samples 3, 4, 18, 26–28 and
33–38) detected in the table.

Three samples of the first set had a neg-
ative WB of the obex, however all other
tests on the obex and spleen were positive.
The ELISA’s optical densities of the obex
of these sheep were rather low (slightly
above the cut-off value). Low optical den-
sities correspond with a limited presence of
PrPsc deposits, while high optical densities
correspond with large amounts of PrPsc [5].
The presence of PrPsc may have been too lit-
tle for a positive WB.

The second set of samples were posi-
tively diagnosed scrapie cases based on
positive results of brain tissue, however all
three spleen ELISA were all negative (opti-
cal densities slightly below the cut-off value),
while one spleen WB (sample 27) was
slightly positive and two IHC (samples 26,
27) also showed a weak positive staining.
The reason for this ELISA discrepancy may
be selection and subsampling of spleen tis-
sue, which may influence the outcome of
ELISA, WB and IHC. However, another
route of neuroinvasion in these cases cannot
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Table I. Data of ELISA and IHC of the brain and spleen homogenates of sheep.

TSE N° ELISA
Brain

WB
Brain

IHC
Brain

SAF
Brain

HISTO 
Brain

Elisa
Spleen

WB
Spleen

IHC
Spleen

Genotype

1 + + + – + + + + ARH/VRQ
2 + + + – + + + + ARH/VRQ

3 + – + – – + + + ARQ/VRQ

4 + – + – + + + + ARQ/VRQ
5 + + + – + + + + ARQ/VRQ

6 + + + – + + + + VRQ/VRQ

7 + + + – + + + + ARQ/VRQ
8 + + + – + + + + ARH/VRQ

9 + + + – + + + + ARQ/VRQ

10 + + + – – + + + ARH/VRQ
11 + + + – + + + + ARH/VRQ

12 + + + – – + + + ARH/VRQ

13 + + + + – + + + VRQ/VRQ
14 + + + + + + + + ARR/VRQ

15 + + + + + + + + ARH/VRQ

16 + + + + + + + + ARQ/VRQ
17 + + + + + + + + ARQ/VRQ

18 + – + + – + + + ARQ/VRQ

19 + + + + + + + + ARQ/VRQ
20 + + + + + + + + ARR/VRQ

21 + + + + – + + + VRQ/VRQ

22 + + + + + + + + VRQ/VRQ
23 + + + – + + + + ARQ/VRQ

24 + + + + – + + + ARR/VRQ

25 + – + – + – – – ARQ/ARH
26 + + + – + – – + ARQ/VRQ

27 + + + + + – + + ARQ/VRQ

28 – + – – – + + + ARQ/VRQ
29 – – – – – + + + ARQ/VRQ

30 – – – – – + + + ARQ/VRQ

31 – – – – – – – – ARR/VRQ

32 – – – – – – – – ARR/ARH
33 – – – – – – – –* ARQ/VRQ

34 – – – – – – – –* ARQ/ARQ

35 – – – – – – – –* ARQ/ARQ
36 – – – – – – – –* ARR/ARQ

37 – – – – – – – –* ARQ/ARH

38 – – – – – – – –* ARR/ARQ

WB: Western blot, IHC: Immunohistochemistry, SAF: Electronmicroscopy, HISTO: Histopathology.
–*: Final conclusion of IHC is based upon the other test results of the spleen, since IHC tested slightly
positive using the antibody R524-7, but negative using the antibody 2G11. All other tests of the spleen
(and also obex) were negative.
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be precluded, with less PrPsc present in the
lymphoid tissues than expected.

The third set of samples is an example of
three preclinical cases: negative at the level
of the brain but positive at the level of the
spleen. Similar results were also observed
by Hibler et al. [9] in wild cervids. PrPSc

detection by immunohistochemistry is con-
sidered to have potential for the preclinical
diagnosis of scrapie in sheep using tonsillar
[19] or nictitating membrane [14, 15] lym-
phoid tissue biopsies up to one year and a
half before the onset of clinical symptoms.
The present study shows that ELISA on
lymphoid tissue (spleen in this case) is a
suitable alternative for detecting preclinical
cases. 

However, it is assumed that IHC is as
sensitive as Western blotting for detecting
PrPSc [18]. Although, in the fifth set of sam-
ples, a scattered slight “background stain-
ing”, difficult to differentiate from specific
staining was observed using the antibody
R524-7, while the IHC using the antibody
2G11 was negative as well as in all other
tests (WB and ELISA). This may be due to
aspecific reactions related to the polyclonal
nature of the antibody used (R524-7), since
this was not noticed on the slides using the
monoclonal antibody (2G11), or to the
young age of the animals.

In the present study, the VRQ allele was
much more present in the genotypes of the
scrapie positive cases (clinical and preclin-
ical) compared to the genotypes of the neg-
ative cases. Some sheep with a resistance
allele such as the ARR allele were found to
be positive with all the methods (samples
14, 20 and 24) in the spleen. This was in con-
trast to published data [22, 23] suggesting
(from a very small number of cases) that the
ARR allele might be associated with the
absence of abnormal PrP in peripheral tis-
sues. Also some susceptible genotypes did
not show detectable PrP in the spleen with
certain tests, despite its presence in the brain
(samples 25–28). This was also in contrast
with the general knowledge about the
pathogenesis of the infection [23, 24]. This

suggests that the involvement of the spleen
can well be bypassed and that the analysis
of the spleen could not replace that of the
brain for the diagnosis of the disease.

In conclusion, ELISA on the spleen
seems to be an excellent and effective diag-
nostic tool for rapid screening of the spleen
or other lymphoid tissue from sheep for the
presence of TSE / scrapie (as similar as
CWD in wild cervids [9]) next to IHC, espe-
cially for the detection of preclinical cases
of scrapie (ante-mortem or postmortem).
Nevertheless, it is always recommended to
use at least two different tests, for example
a rapid test (ELISA), which is afterwards
confirmed by a more classical test such as
IHC or WB on neural and lymphoid tissue.
It will be an asset in limiting the spread of
scrapie throughout the sheep population.
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