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Simple Summary: Scrapie is a transmissible spongiform encephalopathy (TSE) in sheep
that cannot be diagnosed in live animals, and disease suspicion is based on a clinical exami-
nation. An examination protocol was assessed for its suitability as a clinical diagnostic tool
and used to examine 1002 sheep that were exposed naturally or experimentally to three
scrapie strains, 312 of which had a TSE confirmed, or served as non-exposed controls. The
combined occurrence of two or more clinical signs associated with a TSE was compared
between TSE-positive and negative sheep, and a classification tree model was also used
to determine clinical markers most important for disease suspicion. Incoordination and
a response to scratching the sheep’s back were the most important signs for disease sus-
picion. Both approaches had adequate sensitivities, specificities and predictive values for
a clinical test, and could be used to aid in the suspicion of scrapie in both naturally and
experimentally infected sheep.

Abstract: Scrapie is a notifiable transmissible spongiform encephalopathy (TSE) in sheep
that relies on clinical examinations for reporting suspects. A short examination protocol
was used in 1002 sheep to define clinical markers suggestive of scrapie. Sheep were
naturally or experimentally exposed to a classical, atypical scrapie or bovine spongiform
encephalopathy agent; 312 were positive for a transmissible spongiform encephalopathy
(TSE) by brain examination and included non-exposed controls. Assessed signs were
posture, behaviour, menace, scratch and blindfolding response, wool loss and skin changes,
body condition, incoordination and tremor. First, the combined occurrence of two or
more clinical signs was compared between TSE-positive and negative sheep. Second, the
importance of clinical markers was determined in a general classification and regression
tree model. The main clinical markers to predict TSEs according to the tree model were
incoordination and a positive scratch test. Test sensitivities and specificities were 70.8–81.5%
and 96.1–93.0%, respectively, and predictive values above 87%. The results suggest that the
short clinical protocol, which assesses the presence of certain clinical signs associated with
a TSE in sheep and is quick to perform, may be useful to reach a suspect diagnosis in both
naturally and experimentally generated TSEs.

Keywords: scrapie; transmissible spongiform encephalopathy; prion; bovine spongiform
encephalopathy; sheep; clinical examination; classification tree

1. Introduction
Scrapie is a fatal neurological disease of sheep and goats and the oldest known natu-

rally occurring transmissible spongiform encephalopathy (TSE), compared to Creutzfeldt–
Jakob disease (CJD) in humans, chronic wasting disease in deer and bovine spongiform
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encephalopathy (BSE) in cattle. Scrapie is a notifiable disease, and suspicion of disease
must be reported to the relevant authority. Experimental studies have demonstrated that
BSE can also be transmitted to sheep [1], which led to the concern that sheep may have
become infected through consumption of feed contaminated with the BSE agent, partic-
ularly in countries that had cases of BSE in cattle, and may contribute to the occurrence
of cases of variant CJD. In 2002, the European Union introduced a scrapie surveillance
program to test a proportion of small ruminants that died or were subject to slaughter for
human consumption (active TSE surveillance) [2], which identified a goat infected with
the BSE agent [3]. Increased surveillance in sheep and cattle also resulted in the discovery
of atypical forms: scrapie in sheep, first reported in Norway in clinical suspects [4], then
in many other countries, which is believed to be a sporadic disease in older sheep with
biological and biochemical features distinct from the “classical” form of scrapie [5]. It also
led to the detection of atypical BSE in cattle, which is different from “classical” BSE [6].
Questions remain about the ability of different TSE strains to change properties in the same
(atypical scrapie to CH1641 scrapie in sheep [7]) or different (e.g., ovine atypical scrapie to
classical BSE in cattle [8,9]) host, at least in experimental models.

In the absence of a reliable ante mortem test, disease suspicion is based on clinical
signs, which poses considerable problems: countries that do not use an active surveil-
lance program rely on farmers and veterinarians to report disease suspicion, which re-
quires them to be familiar with the clinical presentation. This is especially challenging in
countries that do not have the disease diagnosed or only find sporadic cases of atypical
scrapie [10,11]. Furthermore, clinical signs may be different between classical scrapie [12,13],
atypical scrapie [14–17] and other TSEs not normally expected in small ruminants, such
as BSE [18–20], and—unless accompanied by clear neurological signs like ataxia—may
present as unspecific signs (weight loss, pruritus) that can be seen in various other diseases.
In addition, the prion protein genotype of the affected sheep may influence the clinical
presentation [21,22].

Clinical protocols have been developed to aid in the clinical diagnosis of scrapie, but
some were solely based on detection of classical scrapie [23,24], and some signs may require
more clinical expertise (e.g., hyporeflexia, cardiac arrhythmia [24]). By contrast, a short
clinical examination protocol was presented that could be used for the clinical diagnosis
of both scrapie types, including BSE [25], but it did not include data on clinically affected
animals to determine diagnostic sensitivity and specificity. The current study was carried
out in sheep that were part of multiple research projects to determine the usefulness of this
protocol for the clinical diagnosis of sheep and whether the signs assessed as part of this
protocol could be ranked in their importance to potentially concentrate on fewer clinical
signs without impacting diagnostic sensitivity and specificity. This may be beneficial if
time and space for examinations are limited, such as in an abattoir, or may be applicable to
experimental TSE studies in sheep to determine clinical end-point.

2. Materials and Methods
All procedures involving animals were approved under the Animal Scientific Proce-

dures Act 1989 by the British Home Office with the appropriate project licences. These
licences are only granted after they have been reviewed first by the institute’s Animal
Welfare and Ethical Review Body.

A total of 1002 sheep were examined; they were experimentally or naturally infected
with TSE agents, exposed to TSE agents because they were housed with known TSE cases,
reported clinical suspects from farms, or sheep that served as non-challenged controls in
TSE experiments. Experimental inoculation was by the intracerebral, subcutaneous or oral
route, with classical or atypical scrapie or classical BSE brain homogenate as inoculum.
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There were 594 female, 23 male and 385 castrated male sheep with a mean age of 52 months
from birth or inoculation to death (range: 3 months to 141 months; not known in 6 sheep).
Multiple breeds were included, and the four most frequent were Cheviot (31%), Romney
(21%), Poll Dorset pure and crossbreeds (16%) and Suffolk pure and crossbreeds (13%).
The examined sheep population represented all five National Scrapie Plan types of prion
protein genotypes (Type I—most resistant to Type V—most susceptible) [26]. All sheep
were examined whilst housed in appropriate accommodation. The time from clinical
examination to death ranged from 0 to 42 days (mean 6, median 5 days).

TSE status was based on brain examination by postmortem test as gold standard:
histopathology, immunohistochemistry, Western immunoblot or rapid test (WOAH Terres-
trial manual chapter 3.8.11 scrapie). Table 1 displays TSE status by TSE strain infection or
exposure. The full animal details are provided as Supplementary File Table S1: Sheep data.

Table 1. TSE status grouped by infection or exposure.

TSE Result Classical
Scrapie

Atypical
Scrapie BSE No Exposure

or Infection Total

Negative 273 (39.6%) 21 (3.0%) 336 (48.7%) 60 (8.7%) 690
Positive 202 (64.7%) 59 (18.9%) 51 (16.3%) 0 312
Total 475 (47.4%) 80 (8.0%) 387 (38.6%) 60 (6.0%) 1002

Percentages in each row represent the proportion of animals compared to the total
within each row.

All animals were clinically examined by the same veterinary clinician following the
short clinical examination protocol [25], and data from the last clinical examination prior
to euthanasia (in case of repeated clinical examinations) were used. If animals underwent
a full neurological examination [27], only signs that were assessed for the short clinical
assessment protocol were taken into consideration. Assessed sign categories were posture,
behaviour, menace response, scratch response, wool and skin changes, body condition
score, response to blindfolding, incoordination and tremor. Not all signs were assessed
in all sheep, particularly the response to blindfolding, often to reduce the risk of injury to
nervous sheep that tend to panic.

Table 2 displays the specific signs exhibited by sheep to be included as abnormalities
in each category.

Blinding was generally not possible unless the sheep was a field suspect and not
experimentally infected. The inoculation status was generally known because of specific
entry and exit procedures in some animal studies (e.g., non-exposed controls were examined
first) but rarely prion protein genotype unless the animal was part of a study using only one
prion protein genotype, or live classical scrapie status (because the animal was diagnosed
with classical scrapie by rectal biopsy examination whilst alive).

Clinical sign analysis was carried out in two parts. In the first part, the numbers
of TSE test-positive and -negative sheep displaying abnormalities in each sign category
were compared to assess whether the combined occurrence of two or more signs in the
categories “behaviour”, “menace response”, “scratch response”, “alopecia or skin lesions”,
“blindfolding response”, “incoordination” and “tremor” was more associated with a TSE.
For alopecia or skin lesions, only generalised alopecia or skin lesions were counted because
local alopecia or skin lesions restricted to one small area (e.g., head) were expected in
housed sheep when accessing a hay rack. Data between TSE-positive and -negative sheep
were compared by Chi-Square test (Statistica Data Science Workbench version 14, Cloud
Software Group, Inc., Fort Lauderdale, FL, USA), with p < 0.05 considered significant.
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Table 2. Clinical sign categories and examples.

Sign Category Examples

Posture Wide-based hind limbs or crossed legs, crouching, low
head carriage

Behaviour Collapsing when handled, teeth grinding, confusion,
separation from others, spontaneous circling

Menace response Unilaterally or bilaterally absent response

Scratch response Only a repeatable head movement or nibble response
counted as positive

Wool and skin changes
Wool loss or lesion at poll, back, rump, side of chest or
abdomen, localised or generalised (>2 areas or wider area,
e.g., both flanks)

Body condition score Scored from 0.5 to 5, score of <2.5 was considered poor

Blindfolding response Circling, swaying head or body, loss of balance

Incoordination
Wide-based movements of the hind limbs, hopping with
both hind limbs, excessive swaying in the hind quarters,
high stepping gait (hypermetria), drifting to one side

Tremor Tremor when restrained or undisturbed, either localized
(head or ear) or general (whole body)

In the second part, a general classification and regression tree model (Statistica Data
Science Workbench version 14) was applied to all data (sheep that had all signs assessed)
to determine whether certain clinical signs were more predictive of a TSE. The dependent
variable was TSE status, whilst the clinical signs were used as predictor variables. This
included body condition (poor or good) and localised or generalised wool or skin lesions.
Subsequently, to increase the dataset, the decision tree, which determined signs of impor-
tance for classification, was run on sheep with data gaps but that had those signs of the
decision tree model assessed. The statistical software also produced an importance ranking
for each predictor variable (clinical sign) on a 0–100 scale to list the relative importance of
each predictor variable for producing the final tree. The computational method of calcu-
lating ranks may mean that a variable could be important, even though it might not have
been used for any split in the decision tree.

Sensitivity (true positive cases divided by the sum of true positive and false negative
cases), specificity (true negative cases divided by the sum of true negative and false positive
cases), positive predictive value (PPV, true positive cases divided by the sum of true and
false positive cases) and negative predictive value (NPV, true negative cases divided by the
sum of true and false negative cases) were then calculated.

Whilst this study aimed to determine clinical markers for any type of naturally occur-
ring TSEs (including BSE, as it had occurred in goats), clinical signs were also separated by
TSE strains to assess whether strain-specific differences exist (part 3). For this, the general
classification and regression tree model was applied to TSE-positive sheep that had all
signs assessed and were diagnosed as classical scrapie, atypical scrapie or BSE.

3. Results
3.1. Comparison of Clinical Signs Between TSE-Positive and -Negative Sheep

Table 3 lists the frequency of clinical signs associated with a TSE that were observed
in the sheep, grouped by TSE status. More TSE-positive than -negative sheep displayed
abnormalities, which was highly significant for all individual signs (p < 0.0001).
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Table 3. Frequency of clinical signs in TSE-positive and -negative sheep.

Clinical Sign TSE Positive TSE Negative Total Assessed

Positive scratch test 158 (51.0%) 18 (2.6%) 999
Incoordination 156 (50.3%) 20 (2.9%) 1000
Abnormal behaviour 155 (49.8%) 83 (12.0%) 1001
Tremor 121 (38.9%) 27 (3.9%) 1001
Abnormal blindfolding
response 65 (30.7%) 17 (5.6%) 515

Poor body condition 89 (28.7%) 28 (4.1%) 999
Abnormal posture 88 (28.2%) 21 (3.0%) 1001
Wool loss & skin lesion 78 (25.0%) 27 (3.9%) 1002
Absent menace response 59 (19.0%) 27 (3.9%) 1000

About half of the TSE-positive sheep had a positive scratch test, were uncoordinated or
displayed abnormal behaviour, which were the most frequent signs. Abnormal behaviour
was also the most frequent sign in TSE-negative sheep, although only recorded for 12%.

At least one of the signs were seen in 293 (93.9%) TSE-positive sheep and 293 (42.5%)
TSE-negative sheep. If only those sheep that had all signs assessed were included, it
increased to 97.2% of 211 TSE-positive sheep and 60.3% of 302 TSE-negative sheep.

3.2. Presence of Two or More Clinical Signs in TSE-Positive and -Negative Sheep

A combination of two or more signs (excluding poor body condition and abnormal
posture) were seen in 221 TSE-positive sheep (70.8% of 312) and 27 TSE-negative sheep
(3.9% of 690). This is equivalent to a clinical diagnostic sensitivity of 70.8%, a specificity of
96.1%, PPV of 89.1% and NPV of 87.9%.

The most frequent sign combination seen in approximately 30% of TSE-positive sheep
was abnormal behaviour with tremor (93 sheep), closely followed by positive scratch test
with any wool loss or skin lesion (89 sheep) and ataxia with tremor (88 sheep). All TSE-
positive sheep had at least one combination of two clinical signs if poor body condition and
abnormal posture were included. The most frequent sign combination seen in TSE-negative
sheep was abnormal behaviour with positive scratch test (21 sheep, 3.0%).

3.3. Classification Tree Model to Determine Clinical Markers for TSEs

This model utilised those examinations that had all clinical signs assessed, which were
available for 513 sheep. Table 4 summarises the importance of each sign to generate the
decision tree calculated by the software.

Table 4. Importance of clinical signs to predict TSE status.

Clinical Signs Importance

Scratch test 100%
Behaviour 57%
Incoordination 53%
Tremor 37%
BCS 34%
Wool loss and skin lesions 26%
Posture 26%
Abnormal blindfolding response 21%
Menace response 7%

The resulting decision tree is shown in Figure 1, correctly predicting a TSE in 172 of
211 TSE-positive sheep (81.5% sensitivity) and TSE-freedom in 281 of 320 TSE-negative
sheep (93.0% specificity). PPV and NPV were 89.1% and 87.8%, respectively.
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Figure 1. Decision tree based on 513 animals that had all signs assessed.

Four TSE-positive and one TSE-negative sheep did not have incoordination or the
scratch test assessed, which left a total of 997 sheep where the decision tree model could be
applied: a TSE was correctly predicted in 242 of 308 TSE-positive sheep (78.6% sensitivity)
and TSE-freedom in 652 of 689 TSE-negative sheep (94.6% specificity). PPV and NPV were
86.7% and 90.8%, respectively. Supplementary File Video S1 shows an experimentally
infected atypical scrapie case (case 0005/22) with ataxia, and Supplementary File Video S2
shows a naturally infected classical scrapie case (case 0004/22) with a positive scratch test
in the absence of ataxia.

3.4. Classification Tree Model to Separate Different TSE Strains

This model was applied to 211 sheep that were diagnosed with a TSE (classical,
atypical scrapie or BSE) and had all clinical signs assessed, with the outcome displayed in
Figure 2. An abnormal blindfolding response was seen in the majority (71.9%) of atypical
scrapie cases, and 92.7% of these did not have a scratch response (left branch of the decision
tree). BSE and classical scrapie cases were more likely to be clinically unremarkable when
blindfolded (90.2% of BSE cases and 83.1% of classical scrapie cases) and of these, postural
deficits seemed to be more frequent in BSE cases (54.0%) than in classical scrapie cases
(18.1%); see right branch of the decision tree.

 

Figure 2. Decision tree based on 211 sheep to distinguish different TSE strains.
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4. Discussion
Compared to diagnostic laboratory tests to confirm TSEs, for example, scrapie with

a test sensitivity of at least 94% [28], clinical test sensitivity is considerably lower. For
example, clinical test sensitivity to diagnose BSE in cattle was only 50% on a largely BSE-
negative cattle population, although specificity was 99.5% [29]. In a population with more
BSE-affected cattle, various combinations of main signs had sensitivities that ranged from
85.7 to 94.0%, whilst specificities were low (36.4 to 63.6%) [30]. The sensitivities in the
current study are comparable to that of clinical tests for BSE in cattle but with higher
specificity. With a PPV and NPV over 87%, the criteria chosen for disease suspicion were
better than those published for BSE in cattle when the combination of changes in behaviour,
sensitivity and locomotion were taken into consideration (PPV: 84.0%, NPV: 66.7%) [30].

Currently validated ante-mortem tests, such as the examination of rectal biopsies for
disease-associated prion protein (PrPSc) by screening tests or immunohistochemistry [31,32],
are only useful in animals with peripheral PrPSc distribution that can be detected by these
tests, which is absent in atypical scrapie and sheep with more resistant genotypes.

It is unlikely that a screening test will be available for sheep that is reliable, cheap and
quick to carry out. Ultrasensitive prion detection tests, such as Real-Time Quaking Induced
Conversion, are promising in diagnosing CJD in humans, although they are generally
applied to cerebrospinal fluid samples, and false negative results can occur [33]. PrPSc
has been successfully detected in highly susceptible (VRQ/VRQ) sheep using protein
misfolding cyclic amplification. However, only a small number of sheep were tested, all
with the same prion protein genotype and only exposed to classical scrapie. This does not
allow a conclusion on its suitability to detect classical scrapie in more resistant genotypes
and in animals infected with strains like atypical scrapie where peripheral distribution
via blood may be below the detection limit if it occurs at all. As such, diagnosis in live
animals is currently only possible by clinical examination and will continue to be important
in countries without facilities and skills to carry out these laboratory tests.

Clinical diagnosis of scrapie requires the examiner to be familiar with its clinical
presentation, which can be challenging if the disease prevalence is very low, and scrapie
may not be included in the differential diagnosis of sheep with ill-thrift or neurological signs.
Breeding for resistance has contributed to the reduction of cases world-wide. However,
atypical scrapie cases continue to occur sporadically, even in countries with no evidence
of classical scrapie, but are usually detected by active surveillance of healthy slaughtered
sheep or fallen stock and not by reporting of clinical suspects (passive surveillance) [34],
which is the only type of surveillance in many countries.

The short examination protocol tested here is easy to implement and very quick to
perform, although it concentrates on clinical signs associated with a TSE. Contrary to
a neurological examination, it does not test the function of specific neural pathways to
determine possible lesion in the nervous system and reach a diagnosis, which requires more
expertise in conducting the examination and interpreting its findings. When interpreting
the results from the short clinical examination protocol to aid in the clinical diagnosis of
scrapie in sheep, it was suggested that the presence of individual signs, such as a repeatable
response to scratching, tremor, abnormal behaviour, circling, collapsing episodes, ataxia, or
an absent menace response, may have various causes, but the combined occurrence of two
or more of these signs is highly suggestive of scrapie in sheep or goats [25]. Test sensitivity
was only 71%, meaning a considerable number of TSE-affected sheep were missed, but
the specificity was high at 96%, so not many sheep would have been wrongly classified as
TSE-positive. The classification and decision tree model demonstrated that actually only
two signs appeared to be relevant: incoordination, which has been reported for BSE in
sheep [18,19], classical [21,35] and atypical scrapie [4,15], and a positive scratch test, usually
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associated with pruritus, with is a feature of BSE in sheep [19] and classical scrapie, albeit
genotype-dependent [21,22], but not atypical scrapie [4,15]. This is similar to TSEs in goats
where the predominant clinical signs at clinical end-stage were either a positive scratch
test or ataxia without signs of pruritus [36]. Considering only these two signs, scratch
test and incoordination, increased sensitivity to 89.1% or 78.6% if the decision tree model
was applied to all sheep that had both signs assessed but considerably reduced specificity
(93.0% or 94.6%).

A repeatable response to scratching (positive scratch response, often also referred to as
“nibble reflex”) may not always present in pruritic sheep with scrapie [22], and additional
assessment of pruritus would require either longer passive observation to observe pruritic
behaviour or observation of alopecia with or without skin lesions, which can occur in
pruritic sheep with scrapie. In the current study, we only included generalized wool loss
with or without skin lesions as an additional indicator of pruritus (more than two localised
areas or at least one large region affected, see Figure 3) because of the more frequent
observation of localised (288 sheep; 168 were TSE-negative) compared to generalised
changes (32 sheep; three were TSE-negative). It was not considered relevant enough for the
clinical decision tree.
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Areas of wool loss are visible behind the right shoulder, on the back, and left and right of the tail.

Weight loss and skin lesions were not considered characteristic signs in scrapie in
Italy [23], which is in agreement with our findings.

Few existing studies describe clinical examination protocols in sheep [23,24] to aid in
the clinical diagnosis of scrapie, and all are based on classical scrapie. The number of sheep
in these and other comparative studies [18,21,37] displaying specific clinical signs usually
varies, which is not surprising since it depends on prion protein genotype [21,22], strain [18]
and clinical duration [21,24], which may be shorter in experimental disease depending on
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route of inoculation and age at exposure. The sheep population in the reported study was
deliberately heterogenous to include both naturally and experimentally infected animals
using different routes of inoculation (oral and intracerebral), and different TSE isolates
(BSE, classical and atypical scrapie) at different stages of incubation (clinical end-stage,
early clinical or pre-clinical stage as evidenced by some sheep with detectable PrPSc only in
lymphoid tissue). Whilst this protocol aimed at the clinical diagnosis in naturally occurring
TSEs, there is currently no evidence that the clinical signs are different between experimental
and natural disease using the same isolate, which is why experimentally inoculated animals
were included. Furthermore, atypical scrapie is very rarely found in clinical suspects [5],
and knowledge about the clinical presentation relies heavily on experimental disease [15,17].
Thus, this protocol is also suitable to be applied to experimental TSE studies in sheep
to determine clinical progression and end-point, even in sheep exposed to isolates not
naturally occurring in sheep [38].

Contrary to the decision support tool used for Belgian BSE cases [39], the data used
to generate the classification tree model deliberately did not include age because survival
time depends on strain and prion protein genotype. It also did not include prion protein
genotype because it is not usually known in advance, and susceptibility varies between
strains, and possibly also breed, because little is known about breed susceptibility due to
the confounding factor of genotype (certain breeds have certain genotypes).

A classification tree model used for the diagnosis of sporadic CJD in Belgium showed
that it had poor predictive power, but laboratory test results, in this case 14-3-3 protein
in cerebrospinal fluid, were the main predictor of disease [40], which is unrealistic as a
diagnostic test for sheep. A study more reminiscent of our first approach, where clinical
sign combinations were used (e.g., progressive dementia in combination with myoclonus
or at least two of the clinical features of CJD together with signs of lower motor neuron
involvement), had a relative high sensitivity of 95.9% in diagnosing probable CJD, but
specificity was poor (17.5%); PPV and NPV for the clinical diagnosis of possible and prob-
able CJD were 84.3% and 57.1%, respectively [41]. The authors concluded that different
diagnostic criteria used in different European countries had a major impact on the classi-
fication of patients with clinical suspicion of CJD. In this aspect, our results are not very
different: the criteria proposed by Italian researchers for scrapie (combined positive scratch
test and proprioceptive deficits) had a sensitivity of only 49.8%, whilst the specificity was
very high at 99.7%, and PPV and NPV were above 92% [23]. Although the Italian study did
not include atypical scrapie, the importance of scratch test and proprioceptive deficits that
are most likely present in ataxic sheep seems to suggest that the clinical markers used in
the Italian and our study are fairly similar in reaching a suspect diagnosis of scrapie.

Sensitivity and specificity are usually negatively correlated: the higher the sensitivity,
the lower the specificity and vice-versa. Despite being short, the clinical protocol is unlikely
to be applicable to scanning a larger population of sheep, e.g., prior to slaughter where
veterinary inspection may be limited to visual inspection, but ataxia may be detectable if
one of the two signs of the decision tree are considered. With a specificity of over 90%,
the number of sheep that are erroneously declared clinical suspects is small, which is
encouraging for a preliminary clinical diagnostic test.

In terms of predicting which strain may be present in sheep with TSEs, the decision
tree analysis was less informative. It confirmed that an abnormal blindfolding response
(e.g., swaying or circling) and a negative scratch test were the main features to distinguish
atypical scrapie from other TSEs, which is not surprising because these were the clinical
signs in studies reported by us [15], and no other studies have been published where
blindfolding was tested in TSE cases. Pruritus is not a common feature of atypical scrapie [5],
so a negative scratch test was expected. Differentiation between classical scrapie and BSE
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appeared to be more difficult, with postural abnormalities more frequent in BSE cases and
localised wool and skin lesions providing further separation, but this is unlikely to be useful.
A behavioural study in sheep that also utilised classification and regression tree analysis
failed to produce clinical signs that would distinguish BSE from classical scrapie [42].
Differentiation of different TSE strains by the clinical presentation is, in general, difficult
in sheep: whilst BSE and atypical scrapie are linked to single strains, classical scrapie is
known to be caused by different strains [43] that are likely to cause different presentations,
like the ataxic and pruritic form described in Japanese scrapie cases [44]. In addition, the
case material was not uniform: natural cases may be more advanced because they are
reported by the farmer, whereas experimental cases are monitored more frequently to
determine clinical onset and end-point in order to prevent suffering as a condition in the
ethical approval of these studies.

5. Conclusions
A short clinical examination to assess clinical signs associated with scrapie can be

useful to aid in the clinical diagnosis of TSEs in sheep. The presence of two or more clinical
signs associated with scrapie or—if only two signs are assessed—incoordination and the
presence of a positive scratch test are highly suspicious of a TSE with adequate sensitivity
and specificity for a clinical test.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ani15091310/s1, Table S1: Sheep data; Video S1: Case 0005-22
Atypical scrapie, Video S2: Case 0004-22 Classical scrapie.
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